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TITLE OF THE INVENTION 

NUCLEOSIDE DERIVATIVES AS INHffilTORS OF RNA-DEPENDENT RNA 
VIRAL POLYMERASE 

5 FIELD OF THE INVENTION 

The present invention provides nucleoside derivatives which are 
inhibitors of RNA-dependent RNA viral polymerase. These compounds are inhibitors 
of RNA-dependent RNA viral replication and are useful for the treatment of RNA- 
dependent RNA viral infection. They are particularly useful as inhibitors of hepaUtis 
10 C virus (HCV) NS5B polymerase, as inhibitors of HCV replication, and for the 
treatment of hepatitis C infection. 

BACKGROUND OF THE INVENTION 

Hepatitis C virus (HCV) infection is a major health problem that leads 

15 to chronic liver disease, such as cinhosis and hepatocellular carcinoma in a 

substantial number of infectted individuals, estimated to be 2-15% of the world's 
population. There are an estimated 4.5 million infected people in the United States 
alone, according to the U.S. Center for Disease Control. According to the World 
Health Organization, there are moie than 200 million infected individuals worldwide, 

20 with at least 3 to 4 million people being infected each year. Once infected, about 20% 
of people clear the virus, but the rest harbor HCV the rest of their lives. Ten to twenty 
percent of chronically infected individuals eventually develop liver-destroying 
cinhosis or cancer. The viral disease is transmitted parenterally by contaminated 
blood and blood products, contaminated needles, or sexually and vertically from 

25 infected mothers or carrier mothers to their ojff-spring. CurrMit treatments for HCV 
infection, which are restricted to immunotherapy with recombinant interferon-a alone 
or in combination with the nucleoside analog ribavirin, are of limited clinical benefit. 
Moreover, there is no established vaccine for HCV. Consequently, there is an urgent 
need for improved therapeutic agents that effectively combat chronic HCV infection. 

30 The state of the art in the treatment of HCV infection has been reviewed, and 
reference is made to the following publications: B. Dymock, et ah, **Novel 
approaches to the treatment of hepatitis C vims infection," Antiviral Chemistry & 
Chemotherapy, 1 1 : 79-96 (2000); H, Rosen, et aL. "Hepatitis C virus: current 
understanding and prospects for future therapies," Molecular Medicine Todav . 5: 393- 

35 399 (1999); D. Moradpour, et al., "Current and evolving therapies for hepatitis C," 
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30 



Puropean J. Gastroenterol. Hepatol . H: 1189-1202 (1999); R. Bartenschlager. 
"Candidate Targets for Hepautis C Virus-Specific Antiviral Therapy." totervirologv . 
40: 378-393 (1997); GJVl. Lauer and BD. Walker, "Hepatitis C Virus Infection " N * 
EngLiMed., 345: 41-52 (2001); B.W. Dymock. "Emerging therapies for hepatitis C 
5 vuiis infection," Emerging Drugs. 6: 13-42 (2001); and C. Crabb, "Hard-Won 
Advances Spark Excitement about Hepatitis C," Science : 506-507 (2001); die 
contents of all of which are incorporated by reference herein in their entirety. 

Different approaches to HCV tiierapy have been taken, which include 
the inhibition of viral serine proteinase (NS3 protease), helicase, and RNA-dependent 
10 RNA polymerase (NS5B). and the development of a vaccine. 

The HCV virion is an enveloped positive-strand RNA virus witii a 
single oligoribonucleotide genomic sequence of about 9600 bases which encodes a 
polyprotein of about 3,010 amino acids. The protein products of tfie HCV gene 
consist of tiie stiiictural proteins C, El. and E2. and tiie non-stiuctiiral proteins NS2 
NS3. NS4A and NS4B. and NS5A and NS5B: The nonstructural (NS) proteins are ' 
believed to provide tiie catalytic machinery for viral replication. The NS3 protease 
releases NS5B. die RNA-de^ndent RNA polymerase from tfie polyprotein chain. 
HCV NS5B polymerase is required for Uie synthesis of a double-stranded RNA from 
a single-stranded viral RNA that serves as a template in tiie replication cycle of HCV. 
NS5B polymerase is tiierefore considered to be an essential component in the HCV 
replication complex [see K. Ishi, et a].. "Expression of Hepatitis C Virus NS5B 
Protein: Characterization of Its RNA Polymerase Activity and RNA Binding " 
HSEatology. 29: 1227-1235 (1999) and V. Lohmann, et al., "Biochemical and Kinetic 
Analyses of NS5B RNA-Dependent RNA Polymerase of tiie Hepatitis C Virus " 
Virology, 249: 108-118 (1998)]. WiiWtion of HCV NS5B polymerase prevente 
fomiation of tiie double-stranded HCV RNA and tiierefore constitutes an attractive 
approach to tiie development of HCV-specific antiviral tfierapies. 

It has now been found Uiat nucleoside compounds of tiiejpresent 
invention and certain derivatives tiiereof are potent inhibitors of RNA-dependent 
RNA viral replication and in particular HCV replication. ITie 5 '-triphosphate 
derivatives of tiie nucleoside compounds are inhibitors of RNA-dependent RNA viral 
polymerase and in particular HCV NS5B polymerase. Ihe instant nucleoside 
compounds and derivatives thereof are useful to treat RNA-dependent RNA viral 
infection and in particular HCV infection. 



20 
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It *s therefore an object of the present invention to provide nucleoside 
compounds and certain derivatives thereof which are useful as inhibitors of RNA- 

dependent RNA viral polymerase and in particular as inhibitors of HCV NS5B 
polymerase. 

^ It »s another object of the present invention to provide nucleoside 

derivatives which are useful as inhibitors of the replication of an RNA-dependent 
RN A virus and in particular as inhibitors of the replication of hepatitis C virus. 

It is another object of die present invention to provide nucleoside 
compounds and certain derivatives which are useful in the treatment of RNA- 
10 dependent RNA viral infection and.in particular in the treatment of HCV infection. 

It is anotijer object of the present invention to provide pharmaceutical 
compositions comprising the novel compounds of the present invention in association 
with a phannaceutically acceptable carrier. 

It is aiiotiier object of the present invention to provide pharmaceutical 
compositions comprising tiie nucleoside compounds and derivatives thereof for use as 
inhibitors of RNA-dependetit RNA viral polymerase and in particular as inhibitors of 
HCV NS5B polymerase, t 

It is another object of the present invention to provide pharmaceutical 
compositions comprising the nucleoside compounds and derivatives thereof for uSe as 
20 inhibitors of RNA-dependent RNA viral rcpUcation and in particular as inhibitors of 
HCV replication. 

It is another object of tiie present invention to provide pharmaceutical 
compositions comprising the nucleoside compounds and derivatives thereof for use in 
the treahnent of RNA-dependent RNA viral infection and in particular in the 
25 tiBatinent of HCV infection. 

It is another object of the present invention to provide pharmaceutical 
compositions comprising the nucleoside compounds and derivatives tiiereof.in 
combination witii other agents active against an RNA-dependent RNA virus and in 
particular against HCV. 

It is another object of die present invention to provide metiiods for the 
inhibition of RNA-dependent RNA viral polymerase and in particular for die 
inhibition of HCV NS5B polymerase. 

It is another object of the present invention to provide methods for the 
inhibition of RNA-dependent RNA viral replication and in particular for the inhibition 
35 of HCV replication. 

-3- 
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It is another object of the present invention to provide methods for the 
treatment of RNA-dependent RNA viral infection and in particular for the treatment 
of HCV infection. 

It is another object of the present invention to provide methods for the 
treatment of RNA-dependent RNA viral infection in combination with other agents 
active against RNA-dependent RNA virus and in particular for the treatment of HCV 
infection in combination with otha- agents active against HCV. 

It is another object of the present invention to provide nucleoside 
compounds and certain derivatives thereof and their phaimaceutical compositions for 
use as a medicament for the inhibition of RNA-dependent RNA viral replication 
and/or die treatment of RNA-dependent RNA viral infection and in particular for the 
inhibition of HCV replication and/or the tiBatment of HCV infection. 

It is another object of the present invention to provide for the use of the 
nucleoside compounds and certain derivatives Uieieof of the present invention and 
their pbannaceutical compositions for the manufacture of a medicament for die 
inhibition of RNA-dependeijt RNA viral replication and/or the treatment of RNA- 
dependent RNA viral infecti&n and in particular for tfie inhibition of HCV replication 
and/or the treatinent of HCV infection. 

These and other objects will become readily apparent from tiie detailed 
20 description which follows. 

« 

SUMMARY OF THE INVENTION 

The present invention provides a metiiod for inhibiting RNA- 
dependent RNA viral polymerase, a metiiod for inhibiting RNA-dependent RNA viral 
25 replication, and/or a inetiiod for treating RNA-dependent viral infection in a mammal 
in need tiiereof, comprising administering to the mammal a tiierapeutically effective ■ 
amount of a compound of structural foimula I which is of the stereochemical 
configuration: 



15 




R^ 

(I) 
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or a phamaceutically acceptable salt thereof; 
wherein B is selected from the group consisting of 






N 



R' 



10 



15 



20 




R« 




and 




A, G, and L are each independently CH or N; 

D isN, CH, C-CN, C-N02, C-C1.3 alkyl, C-NHCONH2, C-CONRHrH, 
C-CSNRllRll, C-COORli. C-C(=NH)NH2. C-hydroxy, C-C1.3 alkoxy.'c-amino. 
C-Ci^ alkylamino, C-di(Ci-4 alkyl)amino, C-halogen, C-(l,3-oxazo]-2-yl), C-(l,3- 
thiazoI-2-yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with 

one to three groups independently selected from halogen, amino, hydroxy, carboxy, 
and Ci-3 alkoxy; 

EisNorCRS; 

W is O or S; 

Y is H, Ci-io alkylcarbonyl, P3O9H4, P2O6H3, or P(O)R9r10; 
Rl is hydrogen, C2^ alkenyl, C2-4 alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or C m 
alkoxy and the other of R2 and R3 is selected from the group consisting of 

hydrogen, 

hydroxy, 

halogen, 

Ci^ alkyl, optionally substituted with 1 to 3 fluorine atoms, 

Ci-io alkoxy, optionally substituted with C1-3 alkoxy or 1 to 3 fluorine 

atoms, 

C2.6 alkenyloxy, 
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Ci-4 alkylthio, 

alkybarbonyloxy, 

aryloxycarbonyl, 
azido, 

5 amino, 

Ci-4 alkylamino, and 

di(Ci-4 alkyl)amino; or 
R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or C1-4 alky] optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci^ 

10 alkoxy and the other of Rl and R3 is selected from the group consisting of 

hydrogen, 
hydroxy, 
halogen, 

Ci-4 alkyl, optionally substituted widi 1 to 3 fluorine atoms, 
15 Ci-io alkoxy, optionally substituted with hydroxy, C1-3 alkoxy, carboxy, or 1 

to 3 fluorine atoms, t 

C2-6 alkenyloxy, 

Ci^ alkylthio, 

Ci-8 alkylcarbonyloxy, 
20 aryloxycarbonyl, 

azido, 
. amino, 

Ci-4 alkylamino, and 
di(Ci-4 alkyl)amino; or 

25 Rl and R2 together with the carbon atom to which they are attached foim a 3- to 6- 

membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo-4 alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, C1-4 alkylamino, di(Ci-4. 
alkyl)amino, C3-6 cycloallqflamino, halogen. Cm alkyl, C1-4 alkoxy, or CF3; 
30 R5 is H, C1.6 alkyl, C2.6 alkenyl, C2-6 alkynyl, C1-4 alkylamino, CF3, or halogen; 
Rl4 is H, CF3, Ci-4 alkyl, amino, C1-4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci^ alkyl)amino; 

R7 is hydrogen, amino, C1-4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 
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each Rl 1 is independentiy H or Ci^g alkyi; 

R8 is H, halogen, CN, carboxy, C1-4 alkyloxycarbonyl. N3, amino, C1-4 alkylamino, 
di(Ci-4 alkyl)ainino, hydroxy, Ci-6 alkoxy, C1.6 alkylthio, C1.6 alkylsulfonyl, or 
(Ci_4 alkyl)o-2 aminomethyl; 

Rl2 and Rl3 are each independently hydrogen, methyl, hydroxymethyl, or 
fluoromethyl; and 

R9 and RlO are each independently hydroxy, 0CH2CH2SC(=O)Ci^ alkyl, 
0CH20(C=0)0Cm alkyl, NHCHMeC02Me, 0CH(Ci_4 alkyl)0(C=0)Ci^ alkyl. 




S(CH2)„CH3 ^0^''^r^S{CH2)i7CH3 
0(CH2)9CH3 ^"^ OCO(CH2)i4CH3 . 

10 with the provisos that (a) when Rl is hydrogen, one of R3 and r4 is hydrogen, and R2 
is flubiD, thai the other of R3 and R4 is not hydrogen, halogen, azido, trifluoromethyl, 
Ci^ alkyl, amino, Ci^ alkylamino, di(Ci^ alkyl)amino, or Ci.io alkoxy; (b) whrai' 
Rl is hydrogen, one of R3 aad R4 is hydrogen, and R2 is halogen, hydroxy, Ci^ 
alkoxy, or C2-6 alkenyloxy, then the other of R3 and R4 is not hydrogen, fluoro, or 

1 5 azido; and (c) when Rl and R3 are hydrogen and r2 is hydroxy, then R4 is not 
hydroxy. 

The present invention also provides novel compounds of structural 
formula IV of the indicated stereochemical configuration which are useful as 
inhibitors of RNA-dependent RNA viral polymerase. The compounds of formula IV 
20 are also inhibitors of RNA-dependent RNA viral replication and are useftil for the 
treatment of RNA-dependent RNA viral infection: 

.0 

13 



(IV) 



wherein B is selected from the group consisting of 



wo 02/057425 



PCTAJS02/01531 






10 



15 



20 




.14 




R 



and 



A, G, and L are each indq>endently CH or N; 

D is N, CH. C-CN. C-N02. C-C1.3 alkyl, C-NHCONH2, C-CONRUrH. 
C-CSNRllRll, C-COORll. C-C(=NH)NH2. C-hydroxy. C-C1.3 alkoxy.'c-amUio, 
C-Ci^ alkylMDino, C-di(Ci^ alkyl)aminp, C-halogen. C-(U-oxazol-2-yl), C-(13- 
thiazol-2-yI), or C-(imidazok-yl); wherein alkyl is onsubstituted or substituted with 

one to three groups independendy selected from halogen, amino, hydroxy, carboxy, 
and C1.3 alkoxy; 

■ 

E is N or CR5; 
WisOorS; 

Rl is hydrogen, C2^ alkenyl, C2-4 alkynyl, or C1-4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Ci^ 
alkoxy and the other of r2 and r3 is selected fit)m the group consisting of 

hydrogen, 

hydroxy, 

halogen, 

Ci^ alkyl, optionally substitiited with 1 to 3 fluorine atoms, 
Ci-io alkoxy, optionally substituted with C1-3 alkoxy or 1 to 3 fluorine 
' atoms, 

C2-6 alkenyloxy, 
Ci-4 alkylthio, 
Ci.g alkylcarbonyloxy, 
aryloxycarbony]. 
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azido, 
amino, 

Ci-4 alkylamino, and 
di(Ci-4 alkyI)amino; or 
5 R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or C1-4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or C1-4 . 

alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
10 halogen, 

Ci-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 

Ci-io alkoxy, optionally substituted with hydroxy, C1-3 alkoxy, carboxy, or 1 

to 3 fluorine atoms, 
C2-6 alkenyloxy, 
15 Ci-4 alkylthio, 

Ci«8 alkylcarbonylo^y, . 

aryloxycarbonyl, 

azido, 

amino, 

20 Ci-4 alkylamino, and 

di(Ci-4 alkyl)amino; or 

Rl and R2 together with the carbon atom to which they are attached fonn a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo-4 alkyl; 

25 each R4 is independently H, OH, SH, NH2, C1-4 alkylamino, di(Ci-4 alkyl)amino, 
C3-6 cycloalkylamino, halogen, Ci^ alkyl, C1-4 alkoxy, or CF3; 
R4 and r6 are each independently H, OH, SH, ISIH2, C1-4 alkylamino, di(Ci^ 
alkyl)amino, C3-6 cycloalkylamino, halogen, C1-4 alkyl, C1-4 alkoxy, or CF3; 
R5 is H, Ci-6 alkyl, C2-6 alkenyl, €2-6 alkynyl, C1-4 alkylamino, CF3, of halogen; 

30 R14 is H, CF3, Ci^ alkyl, amino, Ci^ alkylamino, C3.6 cycloalkylamino, or 
di(Ci.4 alkyI)amino; 

R7 is hydrogen, amino, C1-4 alkylamino, C3.6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

each Rll is independently H or alkyl; 
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R8 is H. halogen, CN, carboxy, Ci^ alkyloxycarbony],.N3, amino, Ci-4 aJkylamino, 
di(Ci-4 alkyl)amino, hydroxy, Ci^e alkoxy, Ci.6 allq^lthio, Ci.6 alkylsulfonyl, or 
{Ci-4 alkylX).2 aniinomethyl; 

Rl2 and Rl3 are each independently hydrogen, methyl, hydroxymethyl, or 
5 fluoromethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci^ alkyl, 
0CH20(C=0)0Ci^ alkyl, NHCHMeC02Me, OCH(Ci^ alkyl)0(C=0)Ci^ alkyl, 

0{CH2)9CH3 OCO(CH2)i4CH3 

J 

provided that at least one of R9 and RlO is not hydroxy. 
10 The present invention further provides novel compounds of structural 

formula Xn of the indicated stereochemical configuration which are useful as 
inhibitors of RNA-dependent RNA viral polymerase and in particular of HCV NS5B 
polymerase: ? * . 




(XII) 

15 wherein Ra and Rh are each independently selected fi-om the group consisting of 
hydrogen, cyano, azido, halogen, hydroxy, mercapto, amino, Ci-4 alkoxy, C2-4 

alkenyl, C2-4 alkynyl, and Cj^ alkyl, wherein alkyl is unsubstituted or substituted 
with hydroxy, amino, C1-4 alkoxy, C1-4 alkylthio, or one to three fluorine atoms; 
Rb is C2-4 alkenyl, C2-4 alkynyl, or C1-4 alkyl, wherein alkyl is unsubstituted or 
20 substituted with hydroxy, amino, Ci^ alkoxy, Ci^ alkylthio, or one to three fluorine 
atoms; 

Rc is hydrogen, fluorine, hydroxy, mercapto, C1-4 alkoxy, or C1-4 alkyl; or Rb and 
Rc together with the carbon atom to which they are attached form a 3- to 6~membered 
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saturated monocyclic ring systeni optionally containing a heteroatom selected from O, 
, S, andNCo-4alkyl; 

Rd is hydrogen, cyano, nitro, C1.3 alkyl, NHCONH2, CONRjRj, CSNRJRj, COORj, 
C(=NH)NH2. hydroxy, €1,3 alkoxy, amino, Cm alkylamino, di(Ci-4 alkyl)amino, 
5 halogen, (l,3-oxazoI-2-yI), (l,3-thiazo]-2-yl), or (imidazol-2-yl); wherein alkyl is 
unsubstituted or substituted with one to three groups independently selected from 
halogen, amino, hydroxy, carboxy, and Ci -3 alkoxy; 

Re and Rf are each independently hydrogen, hydroxy, halogen, Ci^ alkoxy, amino, 
Ci-4 alkylamino, di(Ci-4 alkyl)amino, C3-6 cycloalkylamino, di(C3^ 
cycloalkyl)amino, or C4-6 cycloheteroalkyl, unsubstituted or substituted with one to 
two groups independently selected from halogen, hydroxy, amino, C1-4 alkyl, and 
Ci-4 alkoxy; 

Rg is hydrogen, C1-4 alkyl, C2-4 allqnnyl, halogen, cyano, carboxy, C1-4 
alkyloxycarbonyl, azido, amino, C1-4 alkylamino, di(Ci^ alkyl)amino, hydroxy, 
Ci-6 alkoxy, Ci-6 alkylthio, C1.6 alkylsulfonyl, (C1-4 alkyl)0-2 aminomethyl, or 
C4-6 cycloheteroalkyl, unsu|)stituted or substituted with one to two groups 
independently selected fromlhalogen, hydroxy, amino, C1-4 alkyl, andCi-4 alkoxy; 
Ri is hydrogen, Ci-io alkylcarbonyl, P3O9H4, P2O6H3, or P(0)RniRQ; 
each RJ is independently hydrogen or C1.6 alkyl; 

Rk and Rl are each independently hydrogen, methyl, hydroxymethyl, or fluoromethyl; 
and 

Rni and Rn are each independently hydroxy, OCH2CH2SC(=OX^i^ alkyl, 
0CH20(C=0)0Ci^ alkyl, NHCHMeC02Me, 0CH(Ci-4 alkyl)0(C=0)Ci^ alkyl, 

0(CH2)9CH3 . OCO(CH2)i4CH3 . 

with the proviso that when Ra and Rc are a-hydroxy. Re is amino, Rb is p-methyl and 
Rh is hydrogen or Rh is p-methyl and Rb is hydrogen, and Rf, Rg, Ri, Rk, and Rl are 
hydrogen, then Rd is not cyano or CONH2. 

The compounds of formula XII are also inhibitors of RNA-dependent 
RNA viral.replication and in particular of HCV replication and are useful for the 
treatment of RNA-dependent RNA viral infection and in particular for the treatment 
of HCV infection. 
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Also encompassed within the present invention are pharmaceutical 
compositions containing the compounds alone or in combination with other agents 
acti ve against RNA-dependent RNA vims and in particular against HCV. 



10 



DETAILED DESCRIPTION OF THE IhTVENTION 

The present invention provides a method for inhibiting RNA- 
dependent RNA viral polymerase, a method for inhibiting RNA-dependent RNA viral 
replication, and/or a method for treating RNA-dependent RNA vkal infection in a 
mammal in need thereof comprising administering to the mammal a therapeutically 
effective amount of a compound of structural formula I which is of the stereochemical 
configuration: 




i 

m 



(I) 

or a phannaceutically acceptable salt theieof; 
wherein B is selected from the group consisting of 






15 





and 




A, G, and L are each independently CH or N; 

D is N, CH, C-CN, C-N02, C-C1.3 alkyi, C-NHCONH2, C-CONRHrH, 

- 12 - 
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C-CSNRllRll, C>COORll, C-C(=:NH)NH2, C-hydroxy, C-C1.3 alkoxy, C-amino, 

C-Ci-4 alkylamino, C-di(Ci-4 allcyl)ainino, C-halogen, C-(l,3-oxazol-2-yl), C-(l,3- 

thia2ol-.2-yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with 

one to three groups independently selected from halogen, amino, hydroxy, carboxy, 
5 and C1-3 alkoxy; 

EisNorCR5; 

WisOorS; 

Y is H, Ci-10 alkylcarbonyl, P3O9H4, P2O6H3, or P(O)R9r10; 
Rl is hydrogen, C2A alkenyl, C2A alkynyl, or Cm alkyl optionally substituted with 
10 amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Ci^ 

alkoxy and the other of R2 and R3 is selected firom the group consisting of 
hydrogen, 
hydroxy, 
halogen, . 

15 Ci-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 

Ci-10 alkoxy, optionally substituted with C1.3 alkoxy or 1 to 3 fluorine 

atoms, ' 

C2-6 alkenyloxy, 

Ci-4 alkylthio, 
20 Ci-8 alkylcarbonyloxy, 

aryloxycarbonyl, 

azido, 

amino, 

Ci-4 alkylamino, and 
25 di(Ci-4 alkyl)amino; or 

R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or Cm alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and r3 is hydroxy or C1.4 

alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
30 hydroxy, 

halogen, 

Ci-4 alkyl, optionally substituted with 1 to 3 fluorine atomsj 

Cmo alkoxy, optionally substituted with hydroxy, C1-3 alkoxy, carboxy, or 1 

to 3 fluorine atoms, 
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10 



15 



20 



25 



C2-6 alkenyloxy, 

Ci-4 alkylthio, 

Ci-8 alkyJcarbojiyloAy, 

aryloxycarbonyl, 

azido, 

amino, 

Ci-4 alkylamino, and 
di(Ci-4 alkyl)amino; or 

Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NC(M alkyl; 

R4 and R6 are each independenfly H, OH, SH, NH2, Cj^ alkylamino, di(Ci-4 
alkyl)amino, Cs^ cycloalkylamino, halogen, C1.4 alkyl, C1-4 alkoxy, or CF3; 
R5 is H, Ci-6 alkyl, C2.6 alkenyl, C2-6 alkynyl, Ci^ alkylamino, CF3, or halogen; 
Rl4 is H, CF3, Ci^t alkyl, amino, C1-4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 aIkyl)amino; i - 

R7 is hydrogen, amdno, C1-4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

each Rl 1 is independently H or alkyl; 

R8 is H, halogen, CN, carboxy, C1-4 alkyloxycarbonyl, N3, amino, C1-4 alkylamino, 
di(C]^ alkyl)amino, hydroxy, Ci^e alkoxy, Ci-6 alkylthio, Ci-6 alkylsulfonyl, or 
(Ci-4 alkylX)-2 aminomethyl; 

Rl2 and Rl3 are each independently hydrogen, methyl, hydroxymethyl, or 
fluoromethyl; and 

R9 andRlO are each independently hydroxy, OCH2CH2SC(=0)Ci-4 alkyl, 
OCH20(C=0)OCi-4 alkyl, NHCHMeC02Me, OCH(Ci-4 alky])0(C=0)Ci^ alkyl. 




S{CH2)iiCH3 
0{CH2)9CH3 




O Y ^S{CH2)i7CH3 
OCO(CH2)i4CH3 



with the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 
is fluoro, then the other of R3 and R4 is not hydrogen, halogen, azido, trifluoromethyl, 
30 Ci-4 alkyl, amino, C1-4 alkylamino, di(Ci.4 alkyl)amino, or Cmo alkoxy; (b) when 
Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 is halogen, hydroxy, Ci^ 
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alkoxy, or C2-6 alkenyloxy, then the other of R3 and R4 is not hydrogen, fluoro, or 

azido; and (c) when Rl and R3 are hydrogen and R2 is hydroxy, then R4 is not 
hydroxy. 

In one embodiment of the present invention is the method of inhibiting 
5 RNA-dependent RNA viral polymerase, inhibiting RNA-dependent viral replication, 
and/or treating RNA-dependent RNA viral infection with a compound of structural 
formula n which is of the stereochemical configuration: 



wherein B is 



10 




D is N, CH, C~CN, C-NO2, C-C1.3 alkyl, C-NHCONH2, C-CONRHrII, 
C-CSNRllRll, C-COORll, C-hydroxy, C-C1.3 alkoxy, C-amino, C-Ci^ 
alkylamino, C-di(Ci-4 alkyl)amino, C-halogen, C-(13-oxazol-2-yl), C-(l,3-thiazol-2> 
yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 

15 ^ three groups independently selected from halogen, amino, hydroxy, carboxy, and 
Ci_3 alkoxy; 

EisNorC-R5; 

WisOorS; 

Y is H, Ci.io alkylcarbonyl, P3O9H4, or P(O)R9r10; 
20 Rl is hydrogen, CF3, or Ci^ alkyl and one of R2 and R3 is OH or Ci^ alkoxy and 
the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
hydroxy. 
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halogen, 
C1.3 alkyl, 

trifluoromethyl, 
Ci-4aIkoxy, 

5 Ci^ alkylthio, 

Ci-8 alkylcarbonyloxy, 

aryloxycarbbnyl, 

azido, 

amino, 

10 C 1 ^ alkylamino, and 

di(Ci-4 aIkyl)ainino; or 
R2 is hydrogen, CF3, or C1-4 alkyl and one of Rl and R3 is OH or C1-4 alkoxy and 

the other of Rl and R3 is selected from the group consisting of 

hydrogen, 

15 hydroxy, 

fluoro, \ 
Ci^ allqrl. t 

trifluoromethyl, 
C 1-4 alkoxy, 

20 C 1-4 alkylthio, 

Ci-g alkylcarbonyloxy, 

azido, 
amino, 

Ci-4 alkylamino, and 
25 di(Ci-4 a]ky])amino; or 

Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo-4 alkyU 

R4 and R6 are each independently H, OH, SH, NH2, C1-4 alkylamino, di(Ci-4 
30 alkyl)amino, C3-6 cycloalkylamino, halogen, C1-4 alkyl, C1-4 alkoxy, or CF3; 

r5 is H> Ci-6 aUcyl, C2-6 alkenyl, C2-6 alkynyl, C1-4 alkylamino, CF3, or halogen; 
r7 is hydrogen, amino, Ci_4 alkylamino, C3.6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

each Rl 1 is independently H or C i-g alkyl; 
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10 



15 



R8 is H, halogen, CN, carboxy, Ci-4 alkyloxycarbony], N3, amino, Ci^ alkylamino, 
di(Ci-4 alkyl)amino, hydroxy, Ci-6 alkoxy, Ci-6 alkylthio, Ci-6 alkylsulfonyl, or 
(Ci-4 alkyl)0-2 aminomethyl; and 

R9 and RlO are each independenUy hydroxy. 0CH2CH2SC(=O)Ci -4 alkyl, or 
0CH20(C=O)Ci-4 alkyl; 

with the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 
is fluoro, then the other of R3 and R4 is not hydrogen, halogen, trifluoromethyl, C1I4 

alkyl, amino, C1-4 alkylamino, di(Ci-4 alkyl)amino, or C1-4 alkoxy; (b) when Rl is 

hydrogen, one of R3 and R4 is hydrogen, and R2 is halogen, hydroxy, or Ci^ alkoxy, 

then the other of R3 and R4 is not hydrogen, fluoro, or azido; and (c) when Rl and R3 
are hydrogen and R2 is hydroxy, then R4 is not hydroxy. 

Li a second embodiment of the present invention is the method of 
inhibiting RNA-depehdent RNA viral polymerase, inhibiting RNA-dependent RNA 
viral replication, and/or treating RNA-dependent RNA viral infection with a 
compound of structural fom^ula m which is of the stereochemical configuration: 




(III) 



whetein B is 




or 




D is N, CH, C-CN, C-NO2, C-C1.3 alkyl, C-NHCONH2, C-CONRl iRl 1, 
20 C-CSNRl iRl 1 , C-COORl 1 , C-hydroxy, C-C1-3 alkoxy, C-amino, C-Ci^ 

alkylamino, C-di(Ci^ aIkyl)amino, C-halogen, C-(l,3-6xazol-2-yl), C-(l,3-thia2ol-2- 

yl). or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, carboxy, and 
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C1.3 alkoxy; 
WisOorS; 

Y is H,.Cmo alkylcarbonyl, P3O9H4, P2O6H3, or P(O)R9r10; 

R1 is hydrogen, CF3, or C1-4 alkyl and one of R2 and R3 is OH or C1-4 alkoxy and 

5 the other of R^ and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
fluoro, 
Cl-3 alkyl, 
10 trifluoromethyl, 

Ci-8 alkylcarbonyloxy, 

C1-.3 alkoxy, and 
amino; or 

R2 is hydrogen, CF3, or C1-4 alkyl and one of Rl and R3 is OH or Ci4 alkoxy and 

15 the other of Rl and R3 is selected from the group consisting of , 

hydrogen. \ 
hydroxy, 
fluoro, 
C1.3 alkyl, 

20 trifluoromethyl, 

Ci-8 alkylcarbonyloxy, 
Ci-3 alkoxy, and 

amino; or 

Rl and R2 together with the carbon atom to which they are attached forai a 3- to 6- 
25 membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NC(M alkyl; 

R6 is H, OH, SH, NH2, Ci-4 alkylamino, di(Ci^ alkyl)amino, 
C3-6 cycloalkylamino, halogen, C1-4 alkyl, C1-4 alkoxy, or CF3; 
R5 is H, Ci-6 alkyl* C2«6 alkenyl, C2.6 alkynyl, Ci-4 alkylamino, CF3, or halogen; 
• 30 R7 is hydrogen, amino, C1-4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci^ alkyl)amino; 

each R 1 1 is independently H or C 1 .5 alkyl ; . 
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R8 is halogen, CN, carboxy. Cm alkyloxycarbonyl, N3, amino, C1-4 alkylamino, 
di(CM alkyl)amino, hydroxy. C1.6 alkoxy, Ci^ alkylthio, C1.6 alkylsulfonyl, or 
(Ci-4 alkyl)0-2 aminomethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)t-butyl, or 
5 OCH20(00)iPr, 

with the provisos that (a) when Rl is hydrogen and R2 is fluoro, then R3 is not 
hydrogen, trifluoromethyl, fluoro, C1-3 alkyl, amino, or C1-3 alkoxy; (b) when Rl is 
hydrogen and R2 is fluoro, hydroxy, or C1-3 alkoxy, then R3 is not hydrogen or 
fluoro; and (c) when Rl is hydrogen and R2 is hydroxy, then R3 is not P-hydroxy. 
10 In a class of this embodiment is the method of inhibiting RNA- 

dependent RNA viral polymerase, inhibiting RNA-dependent RNA viral replication, 
and/or treating RNA-dependent RNA viral infection with a compound of structural 
formula m wherein B is 




15 and W, Y, and the R substituents are as defined under this second embodiment. 

In a second class of this embodiment is the method of inhibiting RNA- 
dependent RNA viral polymerase, inhibiting RNA-dependent RNA viral replication, 
and/or treating RNA-dependent RNA viral infection with a compound of structural 
formula HI wherein B is 




and Y. D, and the R substituents are as defined under this second embodiment 

In a third embodiment of the present invention, the RNA-dependent 
RNA viral polymerase is a positive-sense single-stranded RNA-dependent RNA viral 
polymerase. In a class of this embodiment, the positive-sense single-stranded RNA- 
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dependent RNA viral polymerase is a Flaviviridae viral polymerase or a 
Picomaviridae viral polymerase. In a subclass of this class, the Picomaviridae viral 
polymerase is rhinovirus polymerase, poliovinis polymerase, ot hepatitis A virus 
polymerase. In a second subclass of this class, the Flaviviridae viral polymerase is 
5 selected finom the group consisting of hepatitis C virus polymerase, yellow fever vims 
polymerase, dengue virus polymerase. West Nile virus polymerase, Japanese 
encephalitis virus polynierase, Banzi vmis polymerase, and bovine viral diarrhea virus 
(BVDV) polymerase. In a subclass of this subclass, the Flaviviridae viral polymerase 
is hepatitis C virus polymerase. 

10 In a fourth embodiment of the present invention, the RNA-dependent 

RNA viral replication is a positive-sense single-stranded RNA-depend«it RNA viral 
replication. In a class of this embodiment, the positive-sense single-stranded RNA- 
dependent RNA viral replication is Flaviviridae viral replication or Picomaviridae 
viral replication. In a subclass of this class, the Picomaviridae yiral replication is 

15 rhinovirus replication, poliovirus replication, or hepatitis A virus replication. In a 
second subclass of this classy the Flaviviridae viral replication is selected from the 
group consisting of hepatitis t: virus replication, yellow fever virus replication, 
dengue virus replication. West Nile virus replication, Japanese encephalitis virus 
replication, Banzi virus replication, and bovine viral diarrhea virus replication. In a 

20 subclass of this subclass, the Flaviviridae viral replication is hepatitis C virus 
replication. 

In a fifth embodiment of the present invention, the RNA-dependent 
RNA viral infection is a positive-sense single-stranded RNA-dependent viral 
infection. In a class of this embodiment, the positive-sense single-stranded RNA- 

25 dependent RNA viral infection is Flaviviridae viral infection or Picomaviridae viral 
infection. In a subclass of this class, the Picomaviridae viral infection is rhinovirus 
infection, poliovirus infection, or hepatitis A virus infection. Li a second subclass of 
this class, the Flaviviridae viral infection is selected from the group consisting of 
hepatitis C virus infection, yellow fever virus infection, dengue virus infection. West 

30 Nile virus infection, Japanese encephalitis virus infection, Banzi virus infection, and 
bovine viral diarrhea virus infection. In a subclass of this subclass, the Flaviviridae 
viral infection is hepatitis C virus infection. 

Illustrative of the invention is a method for inhibiting RNA-dependent 
RNA viral polymerase, inhibiting RNA-dependent RNA viral replication, and/or 

35 • treating RNA-dependent RNA viral infection wherein the compound is selected from: 
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2' -0-methyl-cytidine, 
2' -C-methyl-cytidine, 
3' ,5*-di-0-octaiioyI-2*-0-methyl-cytidine, 
3 ' -O-octaiioyl-2' -O-methyl-cytidine, 
5 2'-C-methyl-adenosine, 

. 8-amino-2'-C-inethyladenosine, 

4-amirio-7-(2-C-methyl-P-D-ribofiHMOsyl)-7//-pyiTolo[23rd]py^ 
carbohitiile, 

4-amino-7<2-C-methyI-p-D-ribofuranosyl)-7ii/-pyirolo[23-d]pyriniid^ 
10 carboxamide, 

3 * -deoxy-3' -methyl-cytidine, 

4-ainino-7-(3-deoxy-3-methyl-p-D-ribofiuanosylH^-py^ 
<i]pyriinidin-5-carboxamide, 

3 ' -deoxy-adenosine, 
1 5 4-ainino-7<3-deoxy-P-D-ribofiu^osyl)-7i/-pyn'olo[23-rflpyri 

4-aniino-7-(3-deoxynp-D-ribofuranosyl)-7//-pyiioIo[2,3-J|pyr^ 
. carboxamide. ^ . 

3 ' - ami rio-3 ' -deoxy adeiiosi ne, 

2-ainino-3,4-dihydro-4-oxcH7-(P-D-ribofuranosyl)-7H-pyrrolo[23- 
20 d]pyrimidin-5-carboxainide, 

4-ajmino-7-(p-D-ribofuranosyl)-7/f-pyrrolo[23-£gpyrim 
2-anuno-3 ,4-dihydro-4-oxo-7-(P-I>ribof uranosyl>7jF/-pynx)lot23- 
cQpyriinidm-5-carbonitrile, 

2-aiiiino-5-ethyl-7-(P-D-ribofuranosyl)-7H-pyrrolo[23-^fIpyrim 
25 one, 

6-amino-l-(P-D-ribofuranosyl)-l//-imida2o[43-c]pyridi^ 
3 ' -deoxyguanosine, 

2-amino-7-(3-deoxy-P-D-ribofuranosyl>7fl-pyrrolo[23-d]p^ 
one, 

30 2'-0-methylguanosine, 

2-annino-7-<2-0-methyl-P-D-ribofuranosyl)-7if-pyn^o 
4(3i^)-one, 

2-amino-7K2-0-me%l~P-D-ribofuranosyl)-5H~pym)lo[3;2-i/]pyrim 
4(3//>one. 

35 7K2-0-methyl-p-D-ribofuranosyl)-7H-pyiTolo[23-d]pyrimidine, 
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3 '-deoxycytidine, 

2-aminO"5-methyl-7-(p-I>-ribofuiMosylH^'-py^ 
one, 

2-amino-3,4-dihydro-4-oxo-7-(2-0-methyl-p-D-ribofuranosyl)^^ 
[23-4pyriniidin-5-carbonitrile, 

2-aimno-5-methyl-7-(2-0-methyI-P"D-riboftiranosyI)-7//-p^^ 

dipyriiiudin-4(3i0-one, 

8-azidoguanosine, 

S-aminoguanosine, 

8-bromoadenosine, 

S-amiiioadenosine, 

8-bromoguanosine, 

3'-deoxy-3'-fluorocytidine, 

3 ' -deoxy-3 ' -fluoroguanosine, 

4- amino-7-(3-deoxy-3-fluoro-P-D-riboftiranosyl>7//^-py^ 

5- carboxamide, ^ . 

2-amino-4-chloiX)-7-(2-0-methyl-P-l>-ribofuranosyl>^ 
d]pyrimidin'5-carbonitrile, 

2-amino-4-chlorO"5-ethyl-7-(2-0-methyl-P-D-ribofiiranosyl)-7//-pyn^ 
. rflpyrimidine, 

2-amino-4-chloix>-5-methyl"7K2-0-methyl-P-D-ribofuranosyl)-7H^^ 
[2,3-4pyriinidine, 

2-amino-7-(2-0-methyl-P-D-ribo£iu:anosyl)-7H-pyiTolo[23-^ 
4(3/0-thione, 

2-aniino-4K:hloro-7-(2-<?-methyl-P-I)-ribofuiMosyl)-7fl^^ . 
d]pyriinidine, 

2-amino-7-(P-D-ribofuranosyl)-7H-pyrrolo[23-d]pyriinidine, 
2-ainino-4K:hlQro-7-{P-D-ribofuranosyI)-7H-pyrrolo[23-<fl 

2-amino-4-chloro-5-methyl-7-(P-D-ribofiu^osyl)-7H-pyiT 
rflpyrimidine, 

1- (P-D-ribofuranosyl>lH-pyrazolo[3,4-d]pyriinidin-4(3/0^ 
4-amino- 1 -(p-D-ribofiiranosyl)- lif-pyra2olo[3,4r^pyrimidine, 

2- ainino-6-chloro-9-(P-D-ribofuranosyl)-9fl-purine, 
2-amino-4-chloro-7-(p-D-ribofiiranosyl)-7H-pyrroIo[23-d]py^ 
carbonitrile, 
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6-methyl-9-0-D-ribofuranosyl)-9//-purine, 

2-amko-7-<2sieoxy-2-fluoro-p-D-arabinofuranosyl>7H-pyriolo[2^- 
d]pyriraidiD-4(3//)-one, 

2.amiiK)-4-chloro-7<2.deoxy-2-fluoro-p-D-arabmo&ranosyl^^^^ 
cQpyriihidine, 

2-aniino-7-(P-D-arabinofuranosyl)-7«-pyn-olo[23-ii]pyrimidin-4(3/0^ 

2-ainino-7-(p-D-arabinofuranosyI)-3,4-dihydro-4-oxo-7H-pyrrolo[23- 
<qpyriinidin-5-carbonitrile, 

2-aimno-5-methyl-7-(P-D-arabinofuranosylHi?-pym)lo[23-d]pyriinidin- 
4(3^0-one, 

9-(p-D-arabmofviranosyl>9^r-purin-6(lfl)-one, 
1 -(P-D-arabinofiiranosyl)- 1 ^/-cytosine, 

2-amino-4K:hIoro-5-me%1.7-(p.D-arabinofiii^ 
djpyrimidine, 

3'-deoxy-3*-(fluQroniethy]>guanosine, 
2*-aniino-2'-deoxyc;^dine, 

4-amii)o-7K3-deoxy^P-D-ribofuranosyl).7Jy-p^^^ 
carbonitrile, 

2'-0-methyIadenosine, 

4-amino-7-(2.0.methyl-|3-D-ribofuranosyl)-7^^ 
3 '-amino-3 '-deoxy-2 *-0-methyl-adenosine, 
3'-deoxy-3*-methyl-uridine, 

6-aniino-l.(3-deoxy«p-D-ribofuranosyl)-l//-inudazo[4,5-c]^^ 

6.ainino-l-(3.deoxy-3.fluoro-|5-D-ribofuranosy]>lH~imidaz^ ' 
4(3fl)"One, 

3 '-deoxy-3 '-fluorouridine, 
3*-deoxy-3'-fluoroadenosine, . 

2.aimno-7.(2-deoxy-p.D-ribofuranosyl)-3,4-dihydro^ 
d}' pyrimidin-5-carbonitrrIe. 

3 ' -deoxy-5-methyl-uridine, 

3*-deoxy-2'-0-(2-methoxyethyl).3'-methyl.5-me%luridine, 
2'-aniino-2'~deoxy-uridine, 

2-aniino-9-(P-D-arabinofuranosyI)-9/?-purin-6(l/0-one, 
3 '-deoxy-3 •-methylguanosine. 
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2*-0-[4-(imidazoIyl-l)butyI]guanosine, 
2'-deoxy-2'-fluoroguanosine, 
. 2'-cleoxyguanosine, 

2-ainino-7-(2-deoxy-2-fluoro-p-D-ribofuranosylH^-pyrrolo[23-£q 
4(3fl>-one, 

2-ainino-7-(3-^eoxy-p-D-ribofuranosyl>3,4-dihydro-4-oxo-7i/-py^ 
<flpyriinidiii-5-carbonitrile, 

2-ainino-5-iodo-7-(P-D-ribofuraiiosyl>7if-pyrrolo[23-d]py^ 
one, 

2-aniino-7-(3-deoxy-3-methyl-P-D-ribofuranosyl)-7//-pyrrolo[23- 
d]pyrimidin-5-carbonitrile, 

2-amin(>-7-(P-D-ribofuranosyl>7i/-pyrroIo[23-^Qpyriniitf^ 

2-aiiuno-7-(2-deoxy-P-D-ribofuranosyl)-7/f-pyrrolo[2,3K0py^ 
one, 

2-amino-7-(3-deoxy-3-inethyl-P-D-ribofuranosyl>7H-pyrrolo[23- 
rflpyrimidin-4(3ia)-ope, 

2-amino-7K3-deoxy-^-fluoro-P-D-ribofuranosyl)-7^^^ 
4(3f0-one, 

6-ajiuno-l-(2-0-methyl-P-D-ribofiumiosyl>l/f-inu 
one, 

6-amino-l-(2-deoxy-P-D-ribofuranosyl)-l//-iinidazo[4,5-c]pyridin^ 

6-ainino-l-(3-deoxy-3-methyl-p-D-ribofura[nosyl>lH-imidazo[4,5^ 
4(5fl)"One, 

6-amino-l-(2-deoxy-2-fluoro-P-D-ribofuranosyl>lif-iimdazo[4,5-c]pyrid^^ 
4(5Jy)-one, 

6-amino-l-(p-D-arabinofiu:anosyl)-lfl-imida2o[4,5-c]pyridi 

2'-0-[2-(^;^^ethylaIninooxy)ethyl].5-methylurid^^^^ 

5-ethynyl-2'-0~(2-inethoxyethyl)-cytidine,, 

1 -(2-C~methyl-P-D-arabinof uranosyl)uracil, 

5-inethyl-3'-deoxycytidine, 

2-amino-2'-0-methyladenosine, 

2 ' -deoxy-2' -fluoroadenosine, 

3'-deoxy-3'-fluoroadenosine, 

3'-deoxy-3'-raetbyladenosine, 

2-aniino-7-(2-^eoxy-P-D-ribofiiranosyl)-7H-pyn-olo[23-d]pyrimidine 

-24- 



wo 02/057425 PCT/US02/01531 



4- amino-7-(3-deoxy-3-fluoro-P-D-ribofuranosyl)-7H-pyrrolo[23Ki]py^ 

5- carboxamide, 

4-aniino-7-(3-deoxy-p-D-rilx)ftiranosyl)-7i7-p^^ 
carbox amide, 

5 4-amino-7-(2-a-methyl-p-D-ribofuranosyl)-7H-pyrrolo[23-£flp 
4-amino-7-(P-D-arabinofuranosyl>7//-pyiTolo[23-iqpyrimid^^ 
4-a0uno-l-(3-deoxy-3-fluoio-3-I>-ribofijranosy]>liy-i 
4-anttino-7-(P-D-ribofuranosyl>7H-pym)lo[23-flpyrimidine 
4,6-diamino-7-(P-I>^ribofuranosyl)-7H-pynrolo[2,3-d]py^ 
10 2-amino-7-(3-deoxy-3-fluoro-P-D-ribofuranosyl)-7H-pyrrol<^ 

c/lpyrimidin-5-carboxamide, 
4-ainino-l-(3-deoxy-p-D-riboftiranosyl)-m-^ 
4-anuno-l«(3-deoxy-3-methyl-P-D-ribofuranosyl)-m 
4-amino- 1 -(P-D-ribofiiranosyl)- l/f-iimdazo[^ 
4-aixiino-l-(2-C-me%l-P-D-ribofuranosyl>l//-pyra20^ 

4-araino-7-(3-deoxy-3-fluoro-p-D-ribofuranosyl)-7//-p^^ 
d]pyrimidine; and 

the corresponding 5'-triphosphates, 5'- 

[bis(isopropyloxycarbonyloxymethyl)]monophosphates, 5'-mono-(S-Ci^ 
alkanoyl-2-thioethyl)nionophosphates, and 5 ' -bis-(S-C i ^ alkanoyl-2- 

thioethyl)monophosphates thereof; 
or a phaimaceutically acceptable salt thereof. 

Further iUustrative of the invention is a method for inhibiting RNA- 
dependent RNA viral polymerase, inhibiting RNA-dependent RNA viral replication, 
and/or treating RNA-dependent RNA viral infection wherein the compound is 
. selected from: 

2'-0-methyl-cytidine, 
2'-C-methyl-cytidiiie, 

3\5'-di-0-octanoyl-2'-0-methyl-cytidine, 
3'-0"OCtanoyI-2'-0-methyI-cytidine, 

4-amino-l-(p-D-ribofuranosyl>lf7-pyra2olo[3,4-tf|pyrimidine, 

4-amino-7K2-C-methyl-P-D-ribofuranosyl)-7H-pyirolo[2,3-^ 
carbonitrile. 
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4.ainino-7-(2.C-methyl-P-D-ribofuranosyl>7ff-pyrro]o[2,3-^qpy^ 
carboxamide, 

2'-C-jmethyladenosine, 

8-ainino-2 ' -C-methyladenosine, 

3 '-deoxy-3 '-methyl-cytidine, 

4-amino-7-(3-deoxy-3-inethyI-P-D-ribofuranpsyl)-7ff-pyrrolo[23- 
rf]pyriinidin-5"Carboxamide, 

3*-deoxyadenosine, 

4-amino-7-{3-deoxy-P-I)-ribofijranosyJ)-7J?-pyrrolo[^^^ 

4-amino-7-(3-deoxy-P-D-ribofuranosyl)-7//-pyiTolo[2,3-d^^ 
carboxamide, 

3'-ainino-3'-deoxyadenosine, 

2-amino-3,4-dihydro-4-oxo-7-(P-D-ribofuranosyl>7fl-pyffolo[2,3- 
4]pyninidin-5-carboxamide, 

4-amino-7-(3-D-ribofuranosyl)-7/?-pyiiolo[23-d]pyriiiudin-5-cai^ 

2-amino-3,4-dihydrcH-oxo-7-(P-D-ribofiiianosyl)-7H-pyiTolo[2,3- 
tflpyrimidin-S-caiboiutrile, 

2-amino-5-ethyl-7-(P-D-ribofuranosyl)-7ff-pym)lot2,3-^i]pyriniidin-4(3^^ 
one, 

6- anjino-l-(p-D-ribofuianosyl)-lH-iniidazo[4^-c]pyricUn-4(5/^^ 
3'-deoxyguanosine, 

2-amiiio-7-(3-deoxy-P-D-ribofuranosyl)-7i^-pyn-oloI2,3-d]p>iimidin-4(3i50^ 
one, 

2 '-0-methyl guanosine, 

2-amino-7-{2-C>-methyl.p-D-ribofuranosyl>7H-pym)lo[2,3-^yiiniidin- 
4(3/0-one, 

2-amino-7-(2-C>-methyl-P-D-ribofuranosyl>5H-pyiTolo[3,2-rflpyrimidin-4- 
(3//)-one, 

7- (2-0-methyl-P-D-riboftttanosyl>7//-pynolot2,3-d]pyriinidine, 

3 '-deoxy-cytidine, 

2-animo-5-methyl-7-(P-D-ribofuranosyI)-7fl-pyrrolo[23-ii]pyrin)idin-4(3i^ 
one, 

2-anuno-3,4-dihydro^-oxo-7-(2-C>-me%l-P-l>.ribofuranosylHH-pyrrolo- 
I2,3-d]pyrimidine-5-caibonitrile, 
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2-amino-5-methyl-7-(2-0-methyl-P-D-ribofuranosyl).^^^ 
d]pyrimidin-4(3//)-one, 

8-azidoguanosine, 

S-aminoguanosine, 

S-bromoadenosine, 

S-aininoadenosine, 

S-bromoguanosine, 

3'-deoxy-3'-fluorocytidine, 

3'-deoxy-3'-fluoToguanosine, 

4-amino-7-(3Kleoxy-3-fluoro-P-D-ribofuranosylH//-pyiTolo[2 
pyrimidin-S-carboxamide, 

2-amino-4-chloro«7K2-0-methyl-p-D-ribofuranosyl>7fl.p^^^ 
4Ipyriniidin-5-carbonitrile, 

2-amino-4-chloro-5^thyl<7.(2-0-methyl-p-D-rib^ 
d] pyrimidine, 

2.amino-4-chloro-5-inethyl-7.(2-0-me%l.^ 
[2,3-d]pyrimidine, \ 

2-aminc)-7"(p.D-ribofiJranosyJ>7/f-pyn-o]o[23-4^ 
2-ainino-4-chIoro-7-(P-D.ribofuranosyl)-7/f~pyiTo^^ 

2-ainino-4-chloro^5-methyl-7-(p.D-nlx)furanosyl>7^^^ 
d]pyrimidine, 

2-amino-7-(2-deoxy-2-fluoro-p-D-arabinofuranosyl>7/f-pyiT^ 
d]pyrinudin-4(3i0-one, 

4.amino-l-(2-C-methyl-p.D-riboforanosyl>liy-pyraz^^ 

2-amin(>7KP-D.arabinofuranosyl)-7//-pyn:olo[23-<)pyr^ 
and 

2-amno-7-(P-D-arabinofuranosyl)^3,4-dihydro-4K)xo-7H-py^^^ 

d]pyriinidin-5-carbonitrile; and 

the corresponding 5 '-triphosphates, 5'- 

[bis(isopropyloxycarbonyloxymethyl)]monophosphates, 5'-mono-(S.pivaloyl- 
2-thioethy])monophosphates, and 5*-bis-(S-pivaloyl-2- 
thioethyl)n)onophosphates thereof; 
phannaceutically acceptable salt thereof. 
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Even further illustrative of the present invention is a method for 
inhibiting RNA-dependent RNA viral polymerase, inhibiting RNA-dependent RNA 
viral replication, and/or treating RNA-dependent RNA viral infection wherein the 
compound is selected from 
5 2'-0-methyl-cytidine, 
2'-C-methyl-cytidine, 
3\5'-di-0-octanoyl-2'-0-methyl-cytidine, 
3'-0-octanoyl-2*-(?-methyl-cytidine, 

4-amino-l-(P-D-ribofuranosyl>l/^-pyrazolo[3,4-iqpyriraidine, 

10 4-amino-7-(2-C"methyl~P-D-ribofuranosyl)-7/f-pyrrolo[23-d]pyrimidine-5- 

carbonitrile, 

4-aniino-7-(2-C-methyl-P-D-ribofijranosyl>7H-pyrrolo[23-iqpy^ 
carboxamide, 

2'-C-niethyladenosine» 

15 8-amino-2'-C-methyladenosine, 

8-bromoguanosine, \ 

ft 

8-aminoguanosine, 
8-aminoadenosine, 

4-amino-7-(3-deoxy-P-I>ribofuranosyl)-7//-pyn*o]oI23-J]pyii^ 
20 2-anuno-4K:hloro-5-ethyl-7-(2-0-methyI-p-D-ribofuranosyl)-7fl^-p^^ [2,3- 

d] pyrimidine, 

2-ainino-3 ,4-dihydro-4-oxo-7-(P-D-ribof uranosyl>7/?-pyirolo[23- 
<i]pyriniidin-5 -carbox ami de, 

4-amino-l-(2-C-methyl-P-D-ribofuranosyl>lJ^-pyrazolo[3,4-^flpy^ 
25 2-amino-4-chloro-7-(2-0-methyl-P-D-ribofuranosylH//-pyirolo[2,3- 

d]pyriniidin-5-carbonitrile; 
and the corresponding 5 '-triphosphates thereof; 

2*-0-methylcytidine-5'-[bis-(S-pivaloyl-2-thioethyl)phosphate], 
2-aniino-7-(3-deoxy-P-D-ribofuranosyI)-3,4-dihydro-4-oxo-7j&-py^ 
30 ii]pyrimidine-5'-[biS"(5-pivaloyl-2-thioethyl)ph.osphate], 

3'-deoxyguanosine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate],and 
3 ' -deoxycytidine-5 ' -[bis-(5-pi vaIoyI-2-thioethyl)phosphate]; 
or a phannaceudcally acceptable salt thereof. 

Yet further illustrative of the invention is a method for inhibiting 
35 RNA-dependent RNA viral polymerase, inhibiting RNA-dependent RNA viral 
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replication, and/or treating RNA-dependent RNA viral infection wherein the 
coinpound is selected from: 

2'-0-inefliylcytidine, 
2'.C-methylcytidine, 

5 3',5'-di-0-octanoyl-2'-0-methyl-cytidine, 
3 '-0-octanoyI-2'-0-methyl-cytidine, 

4^aiiiino-7K2-C-methyl.p.D-ribofui^osyl^^^ 
carbonitrile, 

4.aimno-7.(2-C-methyl.p.D.ribofiiran 
10 carboxamide, 

2'-C-methyIadenosine, 

8-aniino-2'-C-methyladenosine, 

2'.O-niethylcytidine-5^[bis-(5.pivaloyl-2-thioethy0^^ 
2.aimno.7.(3.deoxy-P-D.ribofuranosyl).3,4.dihyd^ 
4pyriniidine.5*-[bis-(5-pivaloyl.2.thi^^ 
3'-deoxyc>1idine-5'-^is.(S-pivaloyl.2^^^^ 
or a pharmaceutically accept^le salt thereof. 

« 

The present invention also provides novel compounds of structural 
formula IV of the indicated stereochemical configuration which are useful as 
20 inhibitors of RNA-dependent RNA viral polymerase: 



15 




(IV) 

wherein B is selected from the group consisting of 
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E^N 



R 



11 



R^ 



W 



and 




W . 



10 



15 



20 



- A, G, and L are each independently CH or N; 

D is N, CH. C-CN. C-N02. C-C1.3 alkyl, C-NHCONH2, C-CXDNR11r11, 

C-CSNRllRll, C-COORll, Chydroxy. C-C1.3 alkoxy,' C-amino. C-Cm 

alky]aniino, C-di(Ciut alky^anaino, C-halogen. C-(l,3-oxazol-2-yl), C-(1.3-thia2ol-2- 

yl), or C-(iinidazol-2-yl); wKerein all^l is unsubstituted or substituted with cme to 

three groups independenUy selected from halogen, amino, hydroxy, carboxy, and 
Ci-3 alkoxy, 

EisNorCRS; 

WisOorS; 

Rl is hydrogen, C2-4 alkenyl, C2A alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluraine atoms and one of R2 and R3 is hydroxy or C1-4 
alkoxy and the other of R2 and R3 is selected from the group consisting of 

hydrogen, 

hydroxy, 

halogen, 

Ci^ alkyl, optionally substituted with 1 to 3 fluorine atoms, 

Ci-io alkoxy, optionaUy substituted with C1.3 alkoxy of 1 to 3 fluorine 

atoms, 

C2.6 alkenyloxy, 
Ci-4 alkylthio, 
Ci-8 alkylcarbonyloxy, 
aryloxycarbonyl. 
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azido, 

amino, ' 
C]^ alkylamino, and 

di(Ci-4 aIkyl)amino; or 
5 R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl. or C1-4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or C1-4 
alkoxy and the other of Rl and R3 is selected from the group consisting of. 
hydrogen, 
hydroxy, 
10 halogen, 

Ci^ alkyl. optionally substituted with 1 to 3 fluorine atoms, 
. Ci-io alkoxy, optionally substituted with hydroxy, C1.3 alkoxy. caiboxy, or 1 
to 3 fluorine atoms, 
C2-6 alkenyloxy, 
15 Ci^alkyltiiio, 

Ci-8 alkylcarbonyloXy, 

aryloxycarbonyl, ^: . 

azido, 

amino, 

20 Ci^ alkylamino, and 

di(Ci^ a]Iqrl)amino; or 

Rl and R2 togethw with the carbon atom to which they are attached fomi a 3- to 6- 
membered saturated monocyclic ring system optionaUy containing a heteroatom 
selected from O, S, and NCo-4 alkyl; 

25 R4 and R6 are each independently H, OH, SH, NH2, Ci^ alkylamino, di(Ci^ 
alkyl)amino, C3-6 cycloalkylamino, halogen. Ci^ alkyl, Ci^ alkoxy, or CF3; 
R5 is H. Ci^ alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci^ alkylamino, CF3, or halogen; 
Rl4 is H, CF3, Cm alkyl, amino, Ci^ alkylamino, Cs^ cycloalkylamino, or 
di(CM alkyl)amino; 

30 r7 is hydrogen, amino, Ci^ alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

each Rl 1 is independently H or Ci-e allqrl; 

R8 is H. halogen, CN, carboxy. Cm alkyloxycarbonyl, N3, amino. Cm alkylamino, 
di(Ci^ aIkyl)amino, hydroxy. Ci^ alkoxy, Ci^ alkyltiiio, Ci-6 alkylsulfonyl, or 
35 (Ci^ alkyl)0-2 aminomethyl; 
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Rl2 and Rl3 are each independently hydrogen or methyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci-4 alkyl, 

OCH20(00)OCi^ alkyl, NHCHMeC02Me. OCH(Cm alkyl)0(C=OX;'i^ alkyl, 

- • 
■ « 

Ao"^^Y^S(CH2)„CH3 ^0'"V^S(CH2)i7CH3 
0(CH2)9CH3 °' OCO(CH2)uCH3 

5 provided that at least one of R9 and RlO is not hydroxy. 

The compounds of fonnula IV are also inhibitors of RNA-dependent 
RNA viral rq)lication and arc useful for flie trcatmtait of RNA-dependent RNA viral 
infection. 

' • • • 

]h one enibodiment, there are provided novel compounds of structaral 
10 fwmula V which are of the stereochemical configuration: 




(V) 



wherein B is 



R® p6 



D is N, CH, C-CN, C-N02, C-C1.3 alkyl, C-NHCONH2, C-CONRl iRl 1, 
15 C-CSNRllRll, C-COORll, C-hydroxy. C-C1.3 alkoxy! C-amino, C-Ci^ 

alkylamino, C-di(Ci.4 alkyl)amino, C-halogen, C-(l,3loxazol-2-yl), C-{l,3-diiazol-2- 
yl), or C-(iniidazol-2-yI); wherein alkyl is unsubstituted or substituted with one to 

three groups independentiy selected from halogen, amino, hydroxy, caiboxy, and 
Ci_3 alkoxy; 

20 WisOorS; 
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EisNorC-R5; 

Rl is hydrogen, C2-4 alkenyl. C2-4 alkynyl, or Ci^ alkyl optionaHy substituted witl 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Ci^ 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
5 hydrogen, 

hydroxy, 

halogen, . 

Ci-3alkyi,. 

trifluoiomethyl, 
10 Ci-4 alkoxy, 

Ci-4 alkylthio, 

Ci-g alkylcarbonyloxy, 

aryloxycarbonyl, 
azido, 

15 amino, 

Ci-4 alkylamino, and 
• di(Ci-4aIkyl)aminojor 
R2 is hydrogen, C2^ alkenyl, C2-4 alkynyl, or alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci^ 
alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
fluoro, 
Ci-4 alkyl, 

25 trifluoromethyl, 

Ci-4 alkoxy, 
Ci-4 alkylthio, 
Ci-8 alkylcarbonyloxy, 
azido. 



20 



30 



amino, 

Ci-4 alkylamino, and 
di(Ci-4 alkyI)amino; or 
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Rl and R2 together with the carbon atom to which they are attached foim a 3- to 6- 
membtaed saturated monocycKc ring system optionaUy containing a heteroatom 
selected fipm O, S, and NCo_4 all^l; 

R4 and R6 are each independenUy H, OH, SH, NH2, Ci^ alkylamino, di(Ci-4 
5 alkyI)amino, C3.6 cycloalkylamino, halogen, Ci^ alkyl. Cm alkoxy, or C3P3; 
R5 is H. C1.6 alkyl, C2-6 alkenyl, C2.6 alkynyl, Ci^ alkylamino, CF3, or halogen; 

R7 is hydrogen, amino, Ci^ alkylamino, C3_6 cycloalkylamino, or 
di(Gi^ alkyl)amino; 

each Rl 1 is independently H or Ci^ alkyl; 
10 R8 is H, halogen, CN, carboxy, alkyloxycarbonyl, N3, amino. Cm alkylamino. 
di(CM alkyl)amino, hydroxy, Ci-g alkoxy, Ci^ alkylthio, Ci-6 alkylsulfonyl, or 
(Cm alkyl)o.i2 aminomethyl; and 

R9 and RlO are each independently hydroxy, CX3i2CH2SC(=0)CM alkyl, or 
0CH20(C=0)Cm alkyl, provided that at least one of R9 and RlO is not hydroxy. 

In a second embodiment, there are provided novel compounds of -. 
structural. formula VI: ^ 



15 




R^ 



(VI) 



wherein B is 



p6 



20 D is N, CH, C-CN, C-NO2, C-C1.3 alkyl, C-NHCONH2, C-CONRl iRl 1, 
C-CSNRl iRl 1, C-COORl 1, C-hydroxy, C-C1.3 alkoxy,' C-amino, C-Cm 
alkylamino, C-di(Ci-4 alkyI)amino, C-halogen, C-(13-oxazol-2-yl), C-(l,3-thiazol-2- 



-34- 



PCT/US02/01531 



yl), or C-(iinidazolr2"yl); wherein alkyl is unsubstituted or substituted with one to 

« 

three groups independenfly selected from halogen, amino, hydroxy, carboxy, and 
Ci-3 alkoxy; 

WisOorS; 

5 Rl is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or Cm alkyl optionally substituted with 
amino, hydroxy, or l.to 3 fluorine atoms and one of R2 and R3 is hyd[roxy or C1-4 

alkoxy and the other of R2 and r3 is selected from the group consisting of 
hydrogen, 

hydroxy, 

10 fluoro, 

C1.3 alkyl, 

trifluoromethyl, 
Ci-3 alkoxy^ 

Ci-8 alkylcarbonyloxy, and 
15 amino; or 

R2 is hydrogen, C2^ alkenj^, C2-A alkynyl, or C1-4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fliiprine atoms and one of Rl and R3 is hydroxy or Ci^ 

alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
20 hydroxy, 

fluoro, 
Ci.3 alkyl, 

trifluoromethyl, 
Ci-3 alkoxy, 

25 . Ci-8 alkylcarbonyloxy, and 

amino; or 

Rl and R2 together with the caibon atom to which they are attached form a 3- to 6- 

membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo-4 alkyl; 

30 r6 is H, OH, iSH, NH2, Ci^ alkylamino, di(Ci>4 alkyl)amino, 

C3.6 cycloalkylamino, halogen, C1-4 alkyl, Ci^ alkoxy, or CF3; 

R5 is H, Ci^ alkyl, C2.6 alkenyl, C2.6 alkynyl, Ci .4 alkylamino, CF3, or halogen; 

R7 is hydrogen, amino, Ci^ alkylamino, C3-6 cycloalkylamino, or 

di(Ci-4 alkyl)amino; 
35 each Rl 1 is independenfly H or Ci-g alkyl; 
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R8 is H. halogen. CN. carboxy. alkyloxycaAonyl, N3, amino. Ci^ aikylanuno 
di(CM alkyDamino. hydroxy. Ci^ alkoxy. C1.6 alkylthio. C1.6 allcybulfony]. or ' 
(Ci^ alkyl)o-2 aminomethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC{=0)t-butyl, or 

0CH20(C=0)iPr, provided that at least one of r9 and RlO is not hydiJxy. 

Illustrative of the novel compounds of structural formula VI of the 
present invention are the following: 

2'-0-methylcytidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate], 

2-aniino-7-(3-deoxy-P-D-ribofuranosyl>3.4-dihydro^xo-7ff-pyirolo[2 3- 
. <Ipyrimdine-5*-Ibis-(5-pivaIoyl-2-thioethyl)phosphateJ, 

3'-deoxyguanosine-5'-[bis-(5.pivaloyl-2-thioethyI)phosphate]. 

2'-0-methylguanosine-5'-n)is-(5-acetyl-2-thioethyl)phosphate], 

2'-0-methylguanosine-5'-Ibis-(5-pivaloyl-2-thioethyI)phosphate]. 

8.hn)mo-2'-0-methylguanosine-5'-[bis-(5-pivaloyl-24hioethyl^^^^ 

2.anMno-3.4Hlihydn^7-(2.0-niethyl-p.D-ribofuranosyl)-4-oxo-7Jy. 

pym)lo[23-*qpyriini4ine.5^[bis-(5-pivaroyl.2-thioethyl)phosph^ 

2.amino-5-bromo-7-(3-deoxy-P-D-iibofui^osyI)-3.4-dihyd«>4-oxo-7/f- 
. P)^lo[2.3-rfJpyrinridine-5^[bis-(5-pivaloyl-2-thioethyl)phosphate^ 

5-biomo-2VC>-methylcytidine-5^n>is-(5-pivaloyl-2-thioethyl)phosphate] 
3'-deoxycytidine-5'-[bis-(5-pivaIoyl-2-thioethy])phosphate]. and 

.2'-0-methylcytidine-5'-[bis(isopropyloxycarbonyloxymethyl)]phosphate. 

• ■ * 

The present invention further provides novel compounds of structural 
formula XH of the indicated stereochemical configuration or a pharmaceutically 
25 acceptable salt thereof which are useful as inhibitors of RNA-dependent RNA viral 
polymerase: . 



.15 



20 



N 



R.V/.>^«' 

R'' 

(Xll) 
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■ 

wherein Ra and Rh are each independenUy selected fitom the group consisting of 
hydrogen, cyano, azido, halogen, hydroxy, mercapto, amino, Ci^ alkoxy, C2-4 
alkenyl, C2A alkynyl, and C1-4 alkyl, wherein alkyl is unsubstitutea or substituted 
with hydroxy, amino. Cm alkoxy, alkylthio, or one to three fluorine atoms; 
5 Rb is CZ4 alkenyl, C2-4 alkynyl, or Cm alkyl. wherein alkyl is onsubstituted or 
substituted with hydroxy, amino, Ci^ alkoxy. Cm alkylthio, or one to three fluorine 
atoms; 

Rc is hydrogen, fluorine, hydroxy, mercapto. Cm alkoxy, or Cm alkyl; or Rb and 
Rc together with the carbon atom to which Ihey are attached form a 3- to 6-membered 
10 saturated monocyclic ring system q>tionaUy contaiiiing a heteroatom selected ftom O, 
S, and NCo-4 alkyl; 

Rd is hydrogen, cyano, nitro, C1-3 alkyl. NHCONH2, CONRjRj, CSNRjRj. COORj, 
C(=NH)NH2, hydroxy, C1.3 alkoxy, amino. Cm allqriamino, di(Ci^ alIgrl)amino, 
halogen, (l,3-oxazol-2-yl), (l,3-thiazol-2-yl), or (imidazol-2-yl); wherem alkyl is 

15 unsubstituted or substituted wiA one to three groups independently selected fiom 
halo^n, amino, hydroxy, ca^xy. and C1-3 alkoxy; 

Re and Rf are each indepencfently hydrogen, hydroxy, halogen, Ci^ alkoxy, amino. 
Cm alkylamino, di(CM alIqrl)amino, C3.6 cycloalkylamino, di(C3.6 
cycloalkyl)amino, or C4.6 cycloheteroalkyl, unsubstituted or substituted with one to 
20 two groups independently selected from halogen, hydroxy, amino, Ci^ alkyl, and 
Cm alkoxy; 

Rgis hydrogen. Cm alkyl, C2-4 alkynyl, halogen, cyano, carboxy, Ci^ 
allq'loxycarbonyl, azido, amino. Cm alkylamino, di(Ci-4 alkyl)amino, hydroxy, 
Ci^ alkoxy, Ci-6 alkylthio. Ci^ alkylsulfonyl, (Cm alkyl)o.2 aminomethyl, or 
25 C4-6 cycloheteroalkyl, unsubstituted or substituted with one to two groups 

independently selected from halogen, hydroxy, amino. Cm alkyl, and Cm alkoxy; 
R» is hydrogen, Ci-io alkylcarbonyl, P3O9H4, P2O6H3, or P(0)RinRn; 
each RJ is independently hydrogen or Ci^ alkyl; 

Rk and Rl are each independently hydrogen, methyl, hydroxymethyl, or fluoromethyl; 
30 and 

■ * » 

Rm and Rn are each independently hydroxy, OCH2CH2SC(=0)Cm alkyl, 
CX:H20(C=0)0Cm alkyl, NHCHMeCOzMe, CX3I(Cm alkyl)0(C=0)CM alkyl. 
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S(CH2)iiCH3 ^ "O" Y S(CH2),7CH3 
0(CH2)9CH3 0CO(CH2)i4CH3 . 

9 

with the proviso that when Ra and Rc are a-hydroxy. Re is amino, Rb is P-methyl and 
Rh is hydrogen or Rh is p-methyl and Rb is hydrogen, and Rf Rg, Ri, Rk and Rl are 
hydrogen, then Rd is not cyano or CONH2- 

The compounds of formula XH. are also inhibitors of RNA-dependent 
RNA viral replication and are useful for the treatment of RNA-dependent RNA viral 
infection. 

In one embodiment of the novel compounds of structui^ formula XII 
are the compounds of structural formula Xni: 




10 XIII 

' • . 

wherein Ra is hydrogen, halogen, hydroxy, amino, or Ci-3 alkoxy; 
Rb is C1.3 alkyl, wherein alkyl is unsubstituted or substituted with hydroxy, amino, 
C1.3 alkoxy, C1.3 alkyltiiio, or one to three fluorine atoms; 
R^^ is hydroxy, fluoro, or Ci^ alkoxy; 
15 Rd is hydrogen, cyano, methyl, halogen, or CONH2; 
Rg is hydrogen, amino, or Ci^ alkylamino; 
Ri is hydrogen, P3O9H4, P2O6H3, or PO3H2; and 

Re and Rf are each independently hydrogen, hydroxy, halogen, amino, 
Ci^ alkylamino, di(Ci-4 alky])amino, or €3^ cycloalkylamino; 

20 with the proviso that when Ra and Rc are a-hydroxy, Re is amino, Rb is methyl, and 
Rf Rg, and Ri are hydrogen, then Rd is not cyano or CONH2. 

Jn a second embodiment of the compounds of structural formula Xn 
are the compounds of structural formula XIII wherein: 
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Rb is methyl, fluoromethyl. hydroxymethyl, difluoromethyl, trifluoromethyl, or 
aminomethyl; 

Rc is hydroxy, fluorOj or methoxy; 

Ra is hydrogen, fluoro, hydroxy, amino, or methoxy; 
5 Ri is hydrogen or P3O9H4; 

R8 is hydrogen or amino; 

R<^ is hydrogai, cyaho, methyl, halogen, or CONH2; and 

Re and Rf are each independently hydrogen, fluoro, hydroxy, or amino; 
with the proviso that when Rb is P-methyl, Ra and Rc are a-hydrpxy. Re is amino, and 
10 R*.Rg,^dRi are hydrogen, then Rd is not cyano or CONH2. 

Dlustrative of the novel compounds of the i»esent invention of 
stroctoral formula Xm which are useful as inhibitors of RNA-dependent RNA viral 
polymerase are the following: 

4-amino-7-(2-C-niethyl-p-D-arabinofijranosyl).7i?-pyirolo[2.3-^ 

15 4-amino-7-(2-C-naethyl-P-D-ribotoosyl>-7H-pyrrolo[23-^^ 

4-methyIamino-7-(2-C-metb^l-p-D-n1)ofuranosyI>7ff-pyriDlo(2,3-4^ 
4-dimethylamino-7-(2-C-mebiyl-p-D-ribofuranosyl>7iy-pyrrolo[23^ 
4-cyclopropylaimno-7K2-C-methyl.p.D.ribofuranosyl>7/r-pyi^^^ 
4-amino-7-(2-C-vinyI-P-D-ribofiiranosyI>7iy-pynDlo[23-d]pyriiiu*^^^ 

20 4-amino-7K2-C-hydroxymethyl-p-D-ribofuranosyl)-7/^-pyrrolo[2,3-d]p3mmidine. 

4-amino-7-(2-C^fluoromethyl-p-D-ribofuranosyl>7//-pyiiolo[23-^i]pyrimi*^^^ ' 

4-aimno-5-methyl-7-(2-C-methyI-3-I>-ribofuranosyl>7iy-pyiroIo(2,3^pyii^ 

4-amino-7-(2-C-methyl.p-D-ribofuranosyl>7tf-pyiTolo[2,3-if]pyrimidine-5- 
caiboxylic acid, 

4-amino-5-bromo-7-(2-C-methyl-P-D-ribofuranosyl>7i?-pyriolo(23n<i]pyrim 

4-amino-5K:hloro-7-(2-C-methyI-p-D-ribofuranosyl>7^r-pyrrolot2,3-d]pyrim^ 

4-amino-5-fluoro-7-(2-C-methyl-p.D-ribofuranosylHfl^-pyrroIo[2.3-dlp^^ 

2.4-diamino-7-(2-C-methyl-p-D-iibofiiranosyl)-7/?-pyiTolo[2,3-d3pyrim 

2-amino-7-(2-C-methyl-P-D-ribofuranosyl>7^r-pyrTdlo[23-4pyrimidine, 

2-amino^yclopropylamino-7-(2-C.methyI.p-D-ribofijrano^^^^ 
4pyrimidine, • ' 

2-amino-7-(2.C.methyl.p.D.riboftffanosyl)-7i?-pyiroloL2,3-d]pyrii^ 
4-amino-7-(2-C-ethyl-p-D-ribofiuanosyl>7H-pyrrolo[23-J]pyrim 
4-amino-7-(2-C,2-<3-dimethyl-p-D-ribofuranosylH»-pyirolo[2,3-^flpyrirnidine, 



25 



30 
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7-(2-C-me%l-p-D.ribofuranosyl)"7H-p>^]o[2,3-^^ 
2.aimncK5-methyl-7-(2.G2-0-dime%l.p-I^^ 
d]pyrimidin-4(3fl)-one, 

* • . . 

4-anun(>-7-(3-deoxy-2-C-me%l-p-D-ribofuranosyl>7//-p3molo[23.-^ pyrimidine, 

5 4-ammoK7K3-deoxy-2-C-me%l-^D-arabmofuranosyl>7//-pynx)lo[2^ . 
pyrimidine, 

4-ainino-2-fluoio-7-<2-C-methyl-p-I>.nT»furanosyl>7if-pyiiDlo[2,^^ 
4-amino-7-(3-C-methyl-p-D-riboftffanosyl)-7;7-pynolo[23-d]pyriini 
4-amino-7-(3-C-me%l-p-D-xylofiuanosyl)-7jy-pynolo[23-^ 
0. 4-amino-7-(2,4-di-C-me%l-p-D-ribofuranosyl>7f^pyCToIo[23-d]pyi^ and 

4-ainino-7-(3-deoxy-3-fluoro-2-C-me%l-P-D-ribofuranosyl>7ff-pynolo[2,3- 
djpyrimidine;. 

and the conespoiiding S'-triphospbates; 
or a phannaceutically acceptable salt thereof . 

Rirther illustrative of the novel compounds of the presort invention of 
structural fonnula Xm whic)i are psefiil as inhibitors of RNA-dependent RNA viral 
polymerase are the following: 

4-aniino-7-(2-C-methyl-p-D-arabinofuranosyl)-7/^pyirolo[23-W]p 
4-amino-7-(2-C-methyl-p-D-ribofiuanosyl>7fl^pyrrolo[23r<flpyri^ 

4-amino-7-(2-C-fluoromethyl-p-D-ribofuranosyl)-7^?-pynolo[23-d]pyriniidiTC^ 

. 4-amino-5-methyl-7K2-C-methyl-P-D-ribofuianosyl)-7Zr-pyrroIo[23-d3pyriinid^^^ 

4-amino-5-hn)mo-7-(2-C-methyj:p-D-ribofuranosylH/^-pym)lo[23-<flpyriim 

4-amino-5-chloK)-7K2-C-methyl-p.D-ribofuranosyl>7H-pyin)lot23-iflpy 

4-amino-5-fluoro-7-(2-C-methyl-p.D-ribofuranosyl>7H-pynolo[23-d]pyrimid^^^^ 
and 

■ 

4-amino-7-(2-C^:(3^dimethyl-p-D-ribofuranosyl^^^ 
and the corresponding 5*-triphosphates; 
or a phannaceutically acceptable salt thereof. 

Further structurally novel nucleoside derivatives of the present 
invention which are useful as inhibitors of RNA-dependent RNA viral polymerase are 
the following: 

3 * Kieoxy-3 ' -methyl-cytidine, 

■ 

3\5'-di-0-octanoyl-2*-0-methyI-cytidine, 
3'-C?-octanoyl-2*-0-inethyl-cytidine, 
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4-anrino-7-(3-<leoxy-3-methyl-P-D-ribofuranosyl>7//-p>aT6]oI23-i^^ 
caiboxamide. 

2-atouno-5-ethyl-7-(^-I>-ribofuranosyl)-7H-pyrrolo[23-^flpyiiimdin-4^^ 
2-aniino-7-(3-<k!Oxy-p-D-ribofumosyl>7fl-pynoloI23HqpyiM 
5 2-amino-7-(2-0-methyl-P-D-ribofuranosyl)-7H-p)Trolo[23-d]pyrimidi^ 
2-anMiK>-7-(2-0-mediyl-P-D-ribofuranosyl)-5/f-pyiTolo[3,^^ 
7-(2-0-methyl-P-D-rib6furanosyl)-7/^pynolo[2,3-d]pyriim 

2-amino-3,4-dihydro-4H)xo-7-(2-0-methyl-p-D.ribofuranosyl)-^ 
</]pyiinudin-S-cait)onitii]e, ' 

10 2-amino-5-methyI-7-<2-C>-methyl-p-D-ribofuraiosyl>7^-pyiToIoP^ 
4(3fl)-one, 

2-aimno-4-chloro-7-(2-0.methyl-P-D-ribofu^ 
carbonitnle, 

2.ainino-4-chlojro-5-e%l-7-(2-0«methyl"P-D-rito^ 
15 dlpyrimidine, 

2-amino-4-chIorc^5-methyl|7-(2-0-methyl-P-D-ri [23. . 

^pyiimidine, k 

2-aimno.7-(2-0.methyl-p.I>^ribofurm 
thione, 

20 2-amino^hlon)-7-(2-0-me%l-p.D-ribofur^ 

2-amino-4-chloro-5-me%l-7KP-D-ribofuranosyl)-^^^ 

2-ammo-7-(2-deoxy-2-fluoro-P-D.arabmoiuran 
4(3/0-one, 

2-ammo-4-cUoro-7«(2-deoxy-2-fluoro-p-p-arabmofiu^ 
25 d]pyriinidine, 

2- amiii(>-7-(p-D.arabmoftiranosy])-3,4-dihydro^ 
carbonitrile, 

. 9-(P-D-arabmofuranosyl>9if-pimn-6(lJ^)-one, 
3'-ainino3'-deoxy-2'-0-methyl-adenosine, 
30 8-amino-2'-C-methyladenosine, 

6-aimno-l-(3-deoxy-P-IXriboltoanosyI)-m^^ 

6-amino-l-(3-deoxy-3-fluon)-p-D.ribofui^osyl>m^^ 
one, 

3 - deoxy-2'-0-(2-methoxyethyI>3^-inediyl-5-methyluridine, 
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2-aniino-7-(3-deoxy-^I>-ribofuranosyl)-3.4-dihydro-4-oxo-7^-py^^ 
d]pyrimjdin-5<arbonitii]e; 

• • * 

2-amino-7-(3-deoxy-3-methyl-^D-ribofiiranosyI>7H-pyrrolo[23-d]pyri^ 
' carbonitrile, 

5 2-aiiimor7-(3-deoxy-3-methyl-p-D-ribofuranosyl>7/?-p7no^ 
one, 

2-amino^7-(3-deoxy-3-fluon>p-D-nT)ofuranosyI>7/y-pyitpIo[2>d^^ 
one, ■ 

6-ammo-l-(2-0-methyl-P-D-ribofunuiosyl>l/f-miidazo[4,5-^^ 

10 6-amino-l-(3Kleoxy-3-methyl-P-D-nTx)fiuanosyl>m-imidazo[4,5-c3pyri<to 
<me, 

* 

6-ammo-H2-<teoxy-2-flu(m)-p-I>-ribofiinmosyl)-lH-iinidazo[4.5-clpyri 
one, 

1- (2-C-methyl-P-D-arabinofuranosyl)uracil, 

15 4-aniin<>-l-(3Hdeoxy-3-fluoro-ft-D-ribofuranosyl>m-imida2o[4,5-c]p 

2- anmio-7-(-3^1eoxy-3-flao^o-P-D-ribofuranosyl>7£?-pynolo- 
[23-<i]pyriiiudin-5-caiboxaimde, 

4-amino-l-<2-C-methyI-P-I>ribofuTanosyl)-l£f-pyrazolo[3,4-d^ 

4-aniiho-l-(3-deoxy-P-D-ribofiiianosyl)-l/f-iniidazo[4,5-c]pyridm^ 

20 4-amino-l-(3-deoxy-3-methyl-P-D-ribofuranosyl)-lfl'-iinidazo[4>c]p^^ 
and the conesponding 5'-triphosphates; 

or a pharmaceutically acceptable salt thereof. 

In a further embodiment the novel compounds of the present invention 
are useful as inhibitors of positive-sense single-stranded RNA-dq)endent RNA viral 

25 polymerase, inhibitors of positive-sense single-stranded RNA-dependent RNA viral 
rq>lication, and/or for the treatment of positive-sense single-stranded RNA-dependent 
RNA viral infection, fo a class of this embodunent, the positive-sense single-stranded 
RNA-dependent RNA virus is a /^mrtdize virus or a Piconim^n^^ fea 
subclass of this class, the Picomaviridae virus is a rhinovirus, a poliovirus, or a 

30 hepatitis A vims. In a second subclass of this class, the Flaviviridde virus is selected 
from the group consisting of hepatitis C virus, yellow fever virus, dengue virus. West 
Nile virus, Japanese encqphalitis virus, Banzi virus, and.bovine viial diarrhea virus 
(BVDV). In a subclass of this subclass, the Flaviviridae virus is hepatitis C vims. 
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Throughout the instant application, the following terms have the 
indicated meanings: 

The alkyl groups specified above are intended to include those alkyl 
groups of the designated length in either a straight or branched configuration. 
5 Exemplary of such alkyl groups are methyl, ethyl, propyl^ isopropyl, butyl, sec-butyl, 
tertiary butyl, pentyl, isopentyl, hexyl, isohexyl, and the like. 

The term "alkenyl" shall mean straight or branched chain alkenes of 
two to six total carbon atoms, or any number within this range (e.g., ethen)d, propenyl, 
butenyl, pentenyl, etc). 

The term "alkynyl" shall mean straight or branched chain alkynes of 
two to six total carbon atoms, or any number within this range (e.g., ethynyl, 
propynyl, butynyl, pentynyl, etc.). 

• • • 

The term "cycloalkyl" shaD mean cyclic rings of alkanes of three to 
ei^t total carbon atoms, or any number within this range (i.e., cyclopiopyl, 
.15 cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, or cyclooctyl). 

The term "cy9lohetproalkyl" is intended to include non-aromatic 
heterocycles containing one or two heteroatoms selected from nitrogen, oxygen and 
sulfiir. Examples of 4-6-membered cycloheteroalkyi include azetidinyl, pyiiolidinyl, 
piperidinyl, morpholinyl, thiamorpholinyl, imidazolidinyl, tetrahydrofuranyl, 
20 tetrahydropyranyl. tetrahydrothiophenyl, piperazinyl, and the like. 

The term "alkoxy*' refers to straight or branched chain alkoxides of the 
number of carbon atoms specified (e.g., Ci^ alkoxy), or any number within this 

range [i.e., methoxy (MeO-), ethoxy, isopropoxy, etc.]. 

The tenn "alkylthio" refers to straight or branched chain alkylsulfides 
25 of the number of carbon atoms specified (e.g., Ci^ alkylthio), or any number within 

this range [i.e., methylthio (MeS-), ethylthio, isopropylthio, etc.]. 

The term "alkylamino" refers to straight or branched alkylamines of 
the number of caibon atoms specified (e.g., Ci^ alkylamino), or any number within 

this range [i.e., methylamino, ethylamino, isopropylamino, t-butylamino, etc.]. 
3^ The term "alkylsulfonyl" refers to straight or branched chain 

alkylsulfones of the number of carbon atoms specified (e.g., Ci^ alkylsulfonyl), or 
any number within this range [i.e.. methylsulfonyl (MeS02-), ethylsulfonyl, 
isopropylsulfonyl, etc.]. 

The term "alkyloxycaibonyl" refers to straight or branched chain esters 
35 of a carboxylic acid derivative of the present invention of the number of carbon atoms 
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specified (e.g., Ci-4 alkyloxycarbonyl), or any number within this range [i.e., 
methyloxycarbonyl (MeOCO-), ethyloxycarbonyl, orbutyloxycarbonyl]. 

The tenn "aryl" includes both phenyl, naphthyl, and pyridyl. The aryl 
group is optionally substituted with one to three groups independently selected from 
Ci^ alkyl, halogen, cyano, nitro, trifluoromethyl, C1-4 alkoxy, and Ci^ alkylthio. 

The term "halogen" is intended to include the halogen atoms fluorine, 
Chlorine, bromine and iodine. 

The term "substituted" shall be deemed to mclude multiple degrees of 
substitution by a named substituent Where multiple substituent moieties arc 
disclosed or claimed, the substituted compound can be independenfly substituted by 
one or more of the disclosed or claimed substituent moieties, singly or plurally. 

The term "5*-triphosphate" refers to a triphosphoric acid ester 
derivative of the 5*-hydroxyl group of a nucleoside compound of the piesCTt invention 
having the following general structural fonnula W: 



o 

It 



o 

II 



HO''f>D"i^O''i:0 



15 



OH OH 0Hpi2 



VII 




20 



wterein B, Z, R1-R4, r12. and Rl3 are as defined above. The compounds of the 
present invention are also intended to include phaimaceutically acceptable salts of the 
triphosphate esta: as well as pharmaceutically acceptable salts of 5 '-monophosphate 
and 5'-diphosphate ester derivatives of the structural formulae Vin and IX, 
respectively. 
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The tenn "5'-(S-acyl-2-thioethyl)phosphate" or "SATE" refers to a 
mono- or di-ester derivative of a 5'-monophosphate nucleoside of the present 
invention of structural fonnulae X and XI, respectively, as well as phannaceutically 
acceptable salts of the mono-ester, 




5 XI 

m 

The tenn "composition", as in "pharmaceutical composition," is 
intended to encompass a product comprising the active ingredient(s) and the inert 
ingredient(s) that make up the carrier, as weU as any product which results, directly or 
indirectly, from combination, complexation or aggregation of any two or more of the 
10 ingredients, or from dissociation of one or more of the ingredients, or from other types 
of reactions or interactions of one or more of the ingredients. Accordingly, the 
pharmaceutical compositions of the present invention encompass any composition 
made by admixing a compound of the present invention and a phannaceutically 
acceptable carrier. 

The terms "administration of and "administering a" compound should 
be understood to mean providing a compound of the invention or a prodrug of a 
compound of the invention to the individual in need. 

Another aspect of the present invention is concerned with a method of 
inhibiting HCV NS5B polymerase, inhibiting HCV replication, or treating HCV 
20 infection with a compound of the present invention in combination with one or more 
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agents useful for treating HCV infection. Such agents active against HCV include, 
but are not limited to, ribavirin, levovirin, vixamidine, thymosin alpha-1, interferon-o, 
pegylated interferon-a (pegiiiterferon-a), a combination of interferbn-a and ribavirin, 
a combination of peginterferon-a and ribavirin, a combination of interferon-a and 
levovirin, and a combination of peginterferon-a and levovirin. Interferon-a includes, 
but is not limited to, recombinant interferon-a2a (such as Roferon interferon available 
fit)m Hofltoannrl^oche, Nutley, NJ), pegylated interferon-a2a 
interferori-a2b (such as Intron-A interferon available from Schering Corp., 
Kehilworth, NJ), pegylated interferon-a2b (Peglntron™), a recombinant consensus 
interferon (such as interferon alphadon- 1), and a purified interferon-a product 

■ 

Amgen's recombinant consensus interferon has the brand name Infergen®. Levovirin 
is the I^enantiomer of ribavirin which.has shown immunomodulatory activity similar 
to ribavirin. Viramidine is an amidino analog of ribavirin disclosed in WO 01/60379 
(assigned to ICN Pharmaceuticals). In accordance with this method of the present 
invention, the individual components of the combination can be administered 

■ 

separately at different times jiuring the course of therapy or concurrently in divided or 
single combination forms, ihc instant invention is therefore to be und^stood as 
embracing all such regimes of simultaneous or altemating treatment, and the term 
"administering'' is to be interpreted accordingly. It will be understood that the scope 
of combinations of the conqpounds of this invention with other agents useful for 
treating HCV infection includes in principle any combination with any pharmaceutical 
composition for treating HCV infection. When a compound of the present invention 
or a pharmaceutically acceptable salt thereof is used in combination with a second 
Uierapeutic agent active against HCV, the dose of each compound may be either the 
same as or different from the dose when the compound is used alone. 

For the treatment of HCV infection, the compounds of the pr^nt 
invention may also be administered in combination with an agent that is an inhibitor 
of HCV NS3 serine protease, such as LY570310 (VX-950). HCV NS3 serine 
protease is an essential viral enzyme and has been described to be an excellent target 
for inhibition of HCV replication. Both substrate and non-substrate based inhibitors 
of HCV NS3 protease inhibitois are disclosed in WO 98/17679, WO 98/22496, WO 
98/46630, WO 99/07733, WO 99/07734, WO 99/38888, WO 99/50230, WO 
99/64442, WO 00/09543, WO 00/59929, WO 01/74768, WO 01/81325, and GB- 
2337262. HCV NS3 protease as a target for the development of inhibitors of HCV 
replication and for the treatment of HCV infection is discussed in B.W. Dymock, 
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•'Emerging therapies for hepatitis C virus infection/- Emerging Drugs . 6: 13-42 
(2001), 

. Ribavirin Jevovirin, and viramidine may exert their anti-HCV 
by modulating intracellular pools of guanine nucleotides via inhibition of the 
5 intracellular enzyme inosine monophosphate dehydrogenase (IMPDH). IMPDH is the 
rate-limiting enzyme on the biosynthetic route in de novo guanine nucleotide 
biosynthesis. Ribavirin is readily phosphorylated intracellularly and the 
monophosphate derivative is an inhibitor of IMPDH. Thus, inhibition of IMPDH 
represents another useful target for the discovery of inhibitors of HCV replication. 

10 Therefore, the compounds of the present invention may also be administered in 

combination with an inhibitor of IMPDH, such as VX-497, which is disclosed in WO 
97/4121 1 and WO 01/00622, (assigned to Vertex); another IMPDH inhibitor, such as 
that disclosed in WO 00/25780 (assigned to Bristol-Myers Squibb); or mycophenolate 
mofetil [see A.C. Allison and EM. Eugui, Agents Action. 44 (SuppL): 165 (1993)], 

15 For the treatment of HCV infection, the compounds of the present 

invention may also be adnunistereil in combination with the antiviral agent 
amantadine (l-aminpadama^tane) [for a comprehensive description of this agait, see 
J. Kirschbaum, Anal. Profiles Drug Subs. 12; 1-36 (1983)]. 

TTie compounds of the present invention may also be combined for the 

20 treatment of HCV infection with antiviral 2'-C-branched ribonucleosides disclosed in 
R. R Harry-0*kuru, et al., J. Org. Chem.. 6 2: 1754-1759 (1997); M. S. Wolfe, et al.. 
Tetrahedron Lett., 36: 761 1-7614 (1995); and U.S. Patent No. 3,480,613 (Nov. 25, 
1969), the contents of which are incorporated by reference in their entirety. Such T- 
C-branched ribonucleosides include, but are not luottited to, 2'-C-methyl-cytidine, 2'- 

25 C-methyl-adenosine, 2--e-methyl-guariosine, and 9-(2-C-.methyl-p-D-ribofiiranosyl> 
2,6-diaminopurine. 

By "pharmaceutically acceptable" is meant that the carrier, diluent, or 
excipient must be compatible with the other ingredients of the formulation and not 
deleterious to the recipient thereof. 

30 Also included within the present invention are pharmaceutical 

compositions comprising the novel nucleoside compouinds and derivatives thereof of 
the present invention in association with a pharmaceutically acceptable carrier. 
Another e^iample of the invention is a pharmaceutical composition made by 
combining any of the compounds described above and a pharmaceutically acceptable 

35 carrier. Another illustration of the invention is a process for making a pharmaceutical 
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composition comprising combining any of the compounds described above and a 
• phannaceutically acceptable carrier. 

Also included within the present invention are pharmaceutical 
compositions useful for inhibiting RNA-dqjendent RNA viral polymerase in 
5 particular HCV NS5B polymerase comprising an eflFective amount of a compound of 
this invention and a phamiaceutically acceptable carrier. Phaimaceutica] 
compositions useful for treating RNA-dependent RNA viral infection in particular 
HCV infection are also encompassed by the present invention as well as a method of 
inhibiting RNA-dependent RNA viral polymerase in particular HCV NS5B 
10 polymerase and a method of treating RNA-dependent viral replication and in 
particular HCV replication. Additionally, the present invention is directed to a 
pharmaceutical composition comprising a therapeutically effective amount of a . 
compound of the present invention in combination with a therapeutically effective 
amount of another agent active against RNA-dependent RNA virus and in particular 
15 = against HCV. Agents active against HCV include, but are not limited to, ribavirin, 
levovirin, viramidine, thymojsin alpha-1, an inhibitor of HCV NS3 serine protease, 
interferon-o, pegylated interferon-a (peginterferon-a), a combination of interferon-a 
and ribavirin, a combination of peginterferon-a and ribavirin, a combination of 
interferon-a and levovirin, and a combmation of peginterferon-a and levovirin. 
20 Interferon-a includes, but is not limited to, recombinant interferon-a2a (such as 
Roferon interferon available fron^ Hofl&nann-LaRoche, Nutley, NJ), interferon-a2b 
(such as Intron-A interferon available from Schering Corp,, Kenilworth, NJ), a 
consensus interferon, and a purified interferon-a product. For a discussion of 
ribavirin and its activity against HCV, see J.O. Saunders and S.A. Raybuck, ^Ohosine 
25 Monophosphate Dehydrogenase: Consideration of Structure, Kinetics, and 
Therapeutic Potential," Ann. Rep. Med. Chem .. 35: 201-210 (2000). 

Another aspect of the present invention provides for the use of 
nucleoside compounds and derivatives thereof and their pharmaceutical compositions 
for the manufacture of a medicament for the inhibition of RNA-dependent RNA viral 
30 replication, in particular HCV replication, and/or the treatment of RNA-dependent 
RNA viral infection, in particular HCV infection. Yet a further aspect of the present 
invention provides for nucleoside compounds and derivatives thereof and their 
pharmaceutical compositions for use as a medicament for the inhibition of RNA- 
dependent RNA viral replication, in particular HCV replication, and/of for the 
35 treatment of RNA-dependeiit RNA viral infection, in particular HCV infection. 

-48- 



wo 02/057425 



PCT/US02/01531 



The pharmaceutical compositions of the present invention comprise a 
compound of structural formula I, IV, or XU as an active ingredient or a 
phaimaceuUcally acceptable salt thereof, and may also contain a phannaceuticaUy 
acceptable carrier and optionally other therapeutic ingredients. 

5 The compositions include compositions suitable for oral, rectal, 

topical, parenteral (including subcutaneous, intramuscular, and intravenous), ocular 
(ophthahnic), puhnonary (nasal or buccal inhalation), or nasal administration, 
although tiie most suitable route in any given case will depend on the nature and 
severity of the conditions being treated and on the nature of die active ingredient. 

10 They may be convenientiy presented in unit dosage form and prepared by any of the 
methods vtreil-known in the art of i^armacy. 

Id practical use, the compounds of structural formnlae I, IV, and XII 
can be combined as tiie active ingredient in intiinale admixtiirc with a pharmaceutical 
carrier according to conventional pharmaceutical compounding techniques. The 

15 carrier may take a wide variety of forms depending on tiie form of preparation desired 
for administiation, e.g., oraljor parwiteral (including intiavenous). In preparing tiie 
compositions for oral dosage form, any of the usual pharmaceutical media may be 
employed, such as, for example, water, glycols, oils, alcohote, flavoring agents, 
preservatives, coloring agents and tiie Hke in tfie case of oral liquid preparations, such 

20 as, for example, suspensions, elixus and solutioiis; or carriers such as starches, sugars, 
microcrystalline ceUulose, dUuents, granulating agents, lubricants, binders, 
disintegrating agents and tiie like in tiie case of oral solid preparations such as, for 
example, powders^ hard and soft capsules and tablets, witii tiie solid oral preparations 
being preferred over the liquid preparations. 

Because of tiieir ease of aidminishration, tablets and capsules represent 
tiie most advantageous oral dosage urat form in which case solid pharmaceutical 
carriers are obviously employed. If desired, tablets may be coated by standard 
aqueous or nonaqueous techniques. Such compositions and preparations should 
contain at least 0.1 percent of active compound. The percentage of active compound 

0 in tiiese compositions may, of course, be varied and may conveniently be between 
about 2 percent to about 60 percent of die weight of tiie unit The amount of active 
compound in such tiierapeutically useful compositions is such that an effective dosage 
will be obtained. The active compounds can also be administered intranasally as, for 
example, liquid drops or spray. 
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The tablets, pills, capsules, and the like may also contain a binder such 
as gum tragacanth, acacia, com starch or gelatin; exdpients such as dicalcium 

phosphate; a disintegrating agent such as com starch, potato starch, alginic add; a 
lubricant such as magnesium stearate; and a sweetening agent such as sucrose, lactose 
5 or saccharin. When a dosage unit form is a capsule, it may contain, in addition to 
materials of the above type, a liquid canier such as a fatty oil. 

Various other materials may be present as coatings or to modify the 
physical form of the dosage unit. For instance, tablets may be coated with shellac, 
sugar or both. A syrup or elixir may contain, in addition to the active ingredient, 
10 sucrose as a sweetening agent, methyl and propylparabens as preservatives, a dye and 
a flavoring such as ch^jy or orange flavor. 

Compounds of structural formulae I, IV, and Xn may also be 
administtaed parenterally. Solutions or suspensions of these active compounds can be 
prepared in water suitably mixed with a surfactant such as hydroxy-piopylceUulose. 

15 Dispersions can also be prepared in glycerol, liquid polyethylene glycols and mixtures 
thereof in oils. Under ordinary conditions of storage and use, these preparatiwis 
contain a preservative to pr&vent the growth of microorganisms. 

The pharmaceutical forms suitable for injectable use include sterile 
aqueous solutions or dispersions and sterile powders for the extemporaneous 

20 preparation of sterile injectable solutions or dispersions, Li aU cases, flie form must 
be sterile and must be fluid to the extent that easy syringability exists. It must be 
stable under the conditions of manufacture and storage and must be preserved against 
the contammating action of microorganisms such as bacteria and fungi. The caniea- 
can be a solvent or dispersion medium containing, for example, water, ethanol. polyol 
25 (e.g. glycerol, propylene glycol and liquid polyethylene glycol), suitable mixtures 
thereof, and vegetable oils. 

Any suitable route of administration may be employed for providing a 
mammal, espedaUy a human with an effective dosage of a compound of the present 
invention. For example, oral, rectal, topical, parenteral, ocular, pulmon^, nasal, and 
30 the like may be employed. Dosage forms include tablets, troches, dispersions, 

suspensions, solutions, capsules, creams, ointments, aerosols, and the Uke. Preferably 
compounds of structural formulae I, IV, and XH arc administered orally. 

For oral administration to humans, the dosage range is 0.01 to 1000 
mg/kg body weight in divided doses, in one embodiment the dosage range is 0.1 to 
35 100 mg/kg body weight in divided doses. Li another embodiment the dosage range is 
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0.5 to 20 mg/kg body weight in divided doses. For oral administration, the 
compositions arc preferably provided in the fonn of tablets or capsules contaming 1 0 
to 1000 milligrams of the active ingredient, particularly, 1. 5. 10, 15, 20 25 50 75 
100. 150. 200. 250. 300. 400. 500. 600. 750. 800. 900. and 1000 miUigrams'of L ' 
active mgredient for the symptomatic adjustment of the dosage to the patient to be 
treated. 

* * * • • 

The effective dosage of active ingredient employed may vaiy 
depending on the particular compound employed, the mode of administration the 

condition beingtreatedandtheseverityofthecondition being treated. Such dosage 
may be ascertained readily by a peison skiUed in the art. This dosage regimen may be 
adjusted to provide the optimal therapeutic response. 

The compounds of the present invention contain one or more 
asyimnetiic centere and can thus otxuras racemates and racemic mixtures, single 
enantiomers, diastaeomeric mixtures and individual diastereomers. n,e present 
iiivention is meant to comprehend nucleoside derivatives having tiie P-D 
stereochemical configuiatiofi for the five-membered furanose ring as depicted in tiie 
structural formula below, tfiat is. nucleoside compounds in which the substituents at 
C-l and C-4 of the five-membered furanose ring have the P-stereochemical 
configuration ("up" orientation as denoted by a bold Kne). 




20 P-D- 



The stereochemistry of the substituents at die C-2 and C-3 positions of 
the furanose ring of ti,e compounds of the present invention is denoted eitfier by a 
dashed tine which signifies that the sutetitiient. for example R2 in structural formula 
VI. has the a (substituent "down") configuration or a squiggly line which sigm'fies that 
the substituent, for example R3 in stiixctiiral formula VI. can have either die a 
(substitijent "down") or p (substituent "up'O configuratibn. 
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Some of the compounds described herein contain olefinic double 
bonds, and unless specified otherwise, are meant to include both E and Z geometric 



isomers. 



Some of the compounds described herein may exist as tautomers such 
as keto-enol tautomers. The individual tautomers as weU as mixtures thereof arc 
encompassed with compounds of structural formulae I. IV. and XH. An example of 
keto^nol tautomers which arc intended to be encompassed within the compounds of 
the present invention is illustrated below: 



10 




R^ 




R^ R^ 



15 



20 



Compounds of structural formulae I, IV, and Xll inay be separated into 
their mdividual diastereoisomers by, for example, fractional crystallization from a 
suitable solvent, for example methanol or ethyl acetate or a mixture thereof, or via 
chiral chromatography using an opticaUy active stationary phase. 

Alternatively, any stereoisomer of a compound of the structural 

formulae I. IV, and Xn may be obtained by stereospecific synthesis using optically 
pure starting materials or reagents of known configuration. 

The stereochemistry of the substituents at the C-2 and C-3 positions of 
the fiiranose ring of the novel compounds of the present invention of structural 

formula XH is denoted by squiggly lines which signifies that substituents Ra Rb, Rc 

and Rh can have either the a (substituent "down") or p (substituerit"up") 
configuration independently of one another. 
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R'O 



C-3 rc 

(XII) 

The compounds of the present invration may be administoed in the 
form of a pharmaceutically acceptable salt. The term "phaimaceutically acceptable 
salt" refers to salts prepared fix>m phaimaceuticafly acceptable non-toxic bases or 
5 acids including inoiBanic or organic bases and inorganic or organic adds. Salts of 
basic compounds encompassed within the term "phaimaceuticaUy acceptable salt" 
refer to non-toxic salts of the compounds of this invention which are generaUy 
prepared by reacting the &ee base with a suitable organic or inorganic acid. 
Representative salts of basic compounds of the present invention include, but are not 
10 Umited to, the foHowing: acetate, benzenesulfonate, benzoate, bicarbonate, bisulfate, 
bitartrate, borate, bromide, camsylate, carbonate, chloride, clavulanate, citrate, 
dihydiochloride, edetote, edisylate, estolate, esylate, fiimarate. gluceptate, gluconate, 

glutamate, glycollylarsanilate, hexylresoicinate, hydrabamine, hydrobromide, 
hydrochloride, hydroxynaphthoate, iodide, isothionate, lactate, lactoWonate, laurate, 
15 malate, maleate, mandelate, mesylate, methylbromide, methylnitrate, methylsulfate,' . 
mucate, napsylate, nitrate. N-methylglucamine ammonium salt, oleate, oxalate, 
pamoate (embonate), pahnitate, pantothenate, phosphate/diphosphate, 
polygalacturonate, salicylate, stearate, sulfate, subacetate. succinate, tannate, tartrate, 
teoclate, tosylate, triethiodide and valerate. Furthermore, where the compounds of the 
invention cany an acidic moiety, suitable pharmaceutically acceptable salts thereof 
include, but are not limited to, salts derived from inorganic bases including aluminum, 
ammonium, calcium, copper, ferric, ferrous, lithium, magnesium, manganic, 
mangamous, potassium, sodium, zinc, and the like. Particularly preferred are the 
ammonium, calcium, magnesium, potassium, and sodium salts. Salts derived from 
25 pharmaceuticaUy acceptable organic non-toxic bases include salts of primary, 

secondary, and tertiary amines, cyclic amines, and basic ion-exchange resins, such as 
arginine, betaine. caffeine, choline, NJ^-dibenzylethylenediamine, diethylamine, 2- 
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diethylaminoethanol, 2-<iiiiMsthylaiiiinoethanol, ethanolamine, ethylenediamine, N- 
ethylmorpholine, N-ethylpiperidine, glucamine. glucosamine, histidine. hydrabamine, 
isopropylamine, lysine, methylglucamine. moipholine, pipeiazine, piperidine, 
polyamine resins, procaine, purines, theobromine, triethylamine, tiimethylamine, 
5 tripropylamine, tromethamine, and the like. 

Also, in the case of a carboxylic acid (-COOI^ or alcohol group being 
present in the compounds of the present invention, phaimaceuticallyacceptabk 
of carboxylic add derivatives, such as methyl, ethyl, or pivaloyloxymethyl, or acyl 
derivatives of alcohols, such as acetate or maleate, can be employed Included are 

10 tiiose esters and acyl groups known in the art for modifying the solubility or 
hydrolysis characteristics for use as sustained-release or prodrug formulations. 

Preparation of the Nucle oside Comp o unds and Derivatives of the 

hvention 

15 The nucleoside compounds and derivatives tiiereof of tiie present 

invention can be prepared following syntfietic metiiodologies weU-established in the 
practice of nucleoside and nucleotide chemistry. Reference is made to the following 
text for a description of synthetic metiiods used in tiie preparation of the compounds 
of die present invention: "Chemistry of Nucleosides and Nucleotides," L.B. 
Tovrasend, ed.. Vols. 1-3, Plenum Press. 1988, which is incorporated by reference 
herein in its entirety. 

A representative general method for die preparation of compounds of 
tiie present invention is outiined in Scheme 1 below. This scheme illustrates die 

syntiiesis of compounds of die present invention of structiiral formula i:? wherein the 
25 fia-anose ring has the p-D-ribo configuration. The starting material is a 3,5-bis-O- 
protected alkyi furanoside, such as methyl furanoside, of structural formula IJ.. The 
C-2 hydroxyl group is tiien oxidized witii a suitable oxidizing agent, such as a 
chromium tiioxide or chromate reagent or Dess-Martin periodinane, or by Swem 
oxidation, to afford a C-2 ketone of structural formula 1^. Addition of a Grignard 
30 reagent, such as an alkyl, alkenyl, or alkynyl magnesium halide (for example, 

MeMgBr, EtMgBr, vinylMgBr. allylMgBr, and ettiynylMgBr) or an alkyl, alkenyl, or 
alkynyl lithium, such as MeU, across the carfjonyl double bond of in a suitiible 
organic solvent, such as tetrahydrofuran, diethyl etiier, and tiie like, affords the C-2 
tertiary alcohol of structural fomiula M- A good leaving group (such as CI, Br, and 
35 I) is next introduced at tiie C-1 (anomeric) position of tiie furanose sugar derivative by 
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treatment of the foranoside of formula 1^ with a hydrogen haUde in a suitable organic 
solvent, such as hydrogen bromide in acetic add, to afford the intennediate fiminosyl 
halide lA. A C-1 sulfonate, such methanesulfonate (MeSOaO-), 

), or p-toluenesulfonate (-OTs), may also serve 
as a useful leaving group in die subsequent reaction to generate the glycosidic 
(nucleosidic) linkage. The nucleosidic linkage is constructed by treatment of the 
intennediate of structural fonnula M with the metal salt (such as lithium, sodium, or 
potassimn) of an appropriately substituted lfl-pyrrolo[2,3-d]pyrimidinei:5, such L 
an appropriately substituted 4-halo-lH-pyrrolo[2,3Kl]pyrimidine, which can be 
generated in situ by treatment with an alkaU hydiide.(such as sodium hydride), an 
alkali hydroxide (such as potassium hydroxide), an alkali carbonate (such as ' 

potassium carbonate), or an aUcaU hexamethyldisilazide (such as NaHMDS) in a 
suitable anhydrous organic solvent, such as acetonitrile, tetrahydrofuran, l-methyl-2- 

pyrrolidinone.orN,N-dimethylfoimamide (DMF). The displacement reaction can be 
catalyzed by using a phase-transfer catalyst, such as TDA^l or 
triethylbenzylammonium ch|oiide. in a two-phase system (solid-liquid or liquid- 
liquid). The optional protec^ng groups in the protected nucleoside of stmctural 
formula M are then cleaved foUowing established depiotection methodologies such 
as those described in T.W. Greene and P.G.M. Wuts, "Protective Groups in Organic 
Synthesis." 3" ed., John Wiley & Sons, 1999. Optional introduction of an amino 
group at the 4-position of the pyrrolo[2.3-d]pyrimidine nucleus is effected by 
treatment of the 4-halo intemiediate M with the appropriate amine, such as alcoholic 
ammoma or liquid ammonia, to generate a primary amine at die C-4 position (-NH2) 
an alkylamine to generate a secondary amine (-NHR), or a dialkylamine to generate a. 
tertiary amine (-NRR'). A 7H-pyrrolo[23-d]pyrimidin-4(3H)one compound may be 
denved by hydrolysis of M wid, aqueous base, such as aqueous sodium hydroxide 
Alcoholysis (such as methanolysis) of JU6 affords a C-4 alkoxide (-OR), whereas 
treatment with an aikyl mercaptide affords a C-4 all^lthio (-SR) derivative. 
Subsequent chemical manipulations well-known to practitioners of ordinary skill in 

the art of organic/medicinal chemistry may be required.to attain the desired 
compounds of the present invention. 
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PgO OH 
1-1 



Scheme 1 



PgO 



lO] 




1-2 



Pg = protecting group 
R = lower alkyi 



R^MgX 



(X = CI, Br, or I) 



Pg-^o. 

O Y f^OR 

PgcJ OH 

1-3 



PgO 



NX 



>Vx 



X CI. Br, or I OH 
• " 1-4 




M = U, Na, or K 
X = CI, Br, or I 



10 




PgC^ 



t>H 



1-6 



1 . remove Pg 



2. optional 
displacement of X 
wIthR® 




HO 



OH 
1-7 



Hie examples below provide citations to literature publications, which 
contain details for the preparation of final compounds or intennediates employed in 
the preparation of final compounds of the present mverition. The nucleoside 
compounds of the present invention were prepared according to procedures detailed in 
the following examples. The examples are not intended to be limitations on the scope 
of die instant invention in any way, and they should not be so construed. Those 
skilled in the art of nucleoside and nucleotide synthesis will readily appreciate that 
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known variations of the conditions and processes of the foUowing preparative 
Focedures can be used to prepare these and other compounds of die present 
invention. AH temperatures are degrees Celsius unless otherwise noted. 



EXAMPLE 1 



3'-Deoxvguanosine 



™s compoi4id was prepared following the procedures described in 
Nucleosides Nucleotides, 13: 1049 (1994). 



EXAMPLK2 



15 3'-Deoxv-3 '-fluoro puannsinft 



NH 



F OH 

This compound was prepared foUowing the procedures described in /. 
Med. Chem. 34: 2195 (1991). 

20 

EXAMPLES 
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S-Azido^anosine 



N 



This compound was prepared foUowing the procedures described in 
5 Chem. Pharm. BuU.16: 1616 (1968). 



EXAMPI.R4 



S-Bromopfiianngmft 

0 • 





Ha hh 

This compound was obtained from commercial sources 



EXAMPI.R S 

2'-C>-Met hvlguanosine 
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HO bMe 
This compound was obtained from commercial sources. 

EXAMPI.R 



3'-Deoxv-3 '-(fluoromethvnguanosine 




OH 

To a solution of l>6>-diacetyl-5-C>-(p-toluoy])-3-deoxy-3- 
(fluoiomethyl)-D-ribofuranose (257 mg. 0.7 mmol) [prepared by a similar method as 
that described for the corresponding 5-0-ben2yl derivative in J Med. Chem. 36: 353 
(1993)] and A?^-acetyl-0*-(diphenylcarbamoyl)guanine (554 mg, 1.43 mmol) in. 
anhydrous acetonitiile (6.3 mL) was added bis(trimethylsilyl)acetamide (BSA) (1.03 
g. 5 mmol). The reaction mixture was stirred at reflux for 30 minutes, and the bath 
was removed. The reaction mixture was cooled in an ice bath and TMS-tiiflate (288 
mg, 1.3 mmol) was added witii stirring. After addition was complete, the reaction was 
heated at reflux for 2 hr., the reaction mixture was poured onto ice and extracted with 
chloroform (5 x 10 mL). The combined organic layers were washed with aqueous 
saturated sodium bicarbonate, brine and dried over anhydrous NazSO*. The solvent 
was removed under reduced pressure and the residue chromatographed over silica gel 
using 5% acetone/CHaCh as the eluant to furnish the fully protected corresponding 
nucleoside derivative. This was dissolved in 1.4-dioxane (1.5 mL) to which was 
added 40% MeNH^/HaO (1.3 g, 17 mmol). The reaction mixture was stirred for 1 
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day, evaporated and the residue crystallized with ether/MeOH to provide the title 
compound (58 rag). 'H NMR (DMSO-rf^): 5 2.76-2.67 (m, IH); 3.55-3.50 (m, IH), 
2.76-2.67 (m, IH); 3.71-3.66 (m, IH), 4.08-4.04 (m, IH), 4.77-4.50 (m, 3H), 5.06 (t, 
IH. 7 = 5.3 Hz), 5.69 (d, IH, 7 = 3.4 Hz), 5.86 (d, IH, J = 5.1 Hz), 6.45 (bs, 2H), 7.97 
(s, IH), 10.59 (s, IH). NMR (DMSO-<4): 6 -221.46 (m, F). 



EXAMPLE? 



10 2-Amino-3. 4-dihvdro-4-oxo-7-(B-D-ribofurannsv1V7 ff- 
carboxamide 



rolor2.3-< 



imidin-5- 



HgNOC 




15 



This compound was piiepared following the procedures described in 
Tetrahedron. Lett. 25: 4793 (1983). 



EXAMPLRR 



2-Amino-3,4-dihvdro-4-oxo-7-f6-D-rih ofurano.wlV7W.pvrrolor2.3-rflp vrimiHin-^. 
20 CMbonitrile 




4 
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This compound was prepared following the proceduies described in J. 
Am. Chem. Soc . 98: 7870 (1976). 



EXAMPLE9 



2-Amino-5-ethvl-7-(B-D-ribofuranQsv] )-7H>Dvrrolof23-rflpvrim^ 




HO bH 

Step A: 2-Aminn-7^( 5-Q-/err>butvldimethvlsilvl-23-0*isQproDvlidene>B^D- 

ribofuranosvl|M-K:hlQrQ^5 >ethvl-7//>-pviTo]or23~^p vri 
10 To a stirred suspension of 2-amino-4-chloro-5-ethyHH-pyrrolo[23- 

rfjpyrimidine [described in EP 866070 (1998)J (1.57 g, 8 mmol) in dry MeCN (48 
mL) was added NaH (60% in mineral oil; 0.32 g, 8 mmol), and the mixture was 
stirred at room temperature for 1 h. A solution of 5-0-f^rt-buty]dimethylsilyl-2,3-(3- 

« 

isopropylidene-a*D-ribofuranosyl chloride [generated in situ from the corresponding 
15 lactol (1.95 g, 6.4 mmol) according to Wilcox et a!.. Tetrahedron Lea,, 27: 101 1 
(1986)] in dry THF (9.6 mL) was added at room temperature, and the mixture was 
stirred overnight, then evaporated to dryness. The residue was suspended in water 
(100 mL) and extracted with EtOAc.(200 + 150 mL). The combined extracts were 
washed with brine, dried (Na2S04) and evaporated. The residue was purified on a 
20 siUca gel column using a solvent system of hexahes/EtOAc: 7/1 . Appropriate fracUons 
were collected and evaporated to dryness to give the tide compound (1.4 g) as a 
colorless foam. 

StepB: 2^Amino^K:hloro^5-ethvl-7 -fB-D-ribQfuranosvlV7//-Dvrrolor2.3- 
25 tflpvrimidine 

A mixture of the compound from Step A (1.19 g, 2.5 mmol) in MeOH 
(100 mL) and water (50 mL) was stirred with DOWEX (to adjust pH of the 
mixture to 5) at room temperature for 2.5 h. TTie mixture was filtered and the resin . 
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thoroughly washed with MeOH. The combined fDtrate and washings were evaporated 
and the residue coevaporated several times with water to yield the tide compound 
(0.53 g) as a white solid. 



5 StepC: 2-Amino-5-etfavl-7-C6-D-rib ofuranosvlV7W-Dvrrolor2.^rf1p YrimtHin- 

4(3H)-oae 

A mixture of the compound from Step B. (104 mg, 0.32 mmol) in 2N 
. aqueous NaOH (10 mL) was stirred at reflux temperature for 15 min. The solution 
was cooled in ice bath, neutralized with 2 N aqueous HCI, and evaporated to dryness. 

10 The residue was suspended in MeOH, mixed with silica gel, and evaporated. The 
solid residue was placed onto a silica gel column (packed in a solvent mixture of 
CHaQT/MeOH: 10/1) which was eluted with a solvent system of CH2Cl2/MeOH: 10/1 
and 5/1. The fractions containing the product were collected and evaporated to 
dryness to yield the title compound (48 mg) as a white solid. 

15 NMR (CD3OD): 5 1.22 (t, 3H), 2.69 (q. 2H), 3.69, 3.80 (2m. 2H), 4.00 (m, IH), 
4.22 (m, IH), 4.45 (t. IH). 5^86 (d, IH. M 6.0 Hz), 6.60 (d, IH, 7= 1 .2 Hz). 

V 

EXAMPLE 10 

^ 2-Amino-7-(3-deoxv-B-D-ribofuranosvlV7W -pvrrolor2.3-/f|pvrimidin-4GW>-onp. 




DH 

StaeA: 2-Amino-7>(2,3-anhvdro^ P-D>ribQfuranosvl)-4~niethoyY-7//- 

Pvrrolor23-cnpvrimidine 

2^ To a mixture of 2-ammo-7-(3-D-ribofuranosyI)-4-chIoro-7//- 

pyirolo[2,3-4pyriinidine (1.8 g, 6.0 mmol) in acetonitrile (80 mL) were added a 
solution of H2O/CH3CN (1:9, 1.08 mL) and then a-acetoxyisobutyryl bromide (3.5 
mL, 24 mmol). After 2 h stirring at room temperature, saturated aqueous NaHCOs 
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(170 mL) was added and the mixture was extracted with EtOAc (300 + 200 mL) The 
combined organic phase was washed with brine (100 mL). dried QiaiSO^) and 
evaporated to a pale yellow foamy residue. This was suspended in anhydrous MeOH 
(80 mL) and stirred overnight with 25 mL of DOWEX Off resin (previously washed 
with anhydrous MeOH). The resin was filtered, washed thoroughly with MeOH and 
the combmed filtrate evaporated to give a pale yellow foam (1.92 g). 

2-Amino-7-f3-deoxv-fi.D-rihnf.'r.. osviV4-m>.thnvY -'^"-n— TttPI 
<flpvrimidine 

A solution of UEtsBWTHF (IM. 75 mL, 75 mmol) was added 
dropwise to a cold (ice bath) deoxygenated (Ar. 15 min) solution of the compound 
from Step A (1.92 g) under Ar. Stirring at 0 »C was continued for 4 h. At this point the 
reaction mixture was acidified with 5% aqueous acetic acid (110 mL). then purged 
with Ar for 1 h and and finally evaporated to a solid residue. Purificatioa on a silica 
gel column using MeOH/CHaCl^ as eluent yielded target compound as a colourless 
foam (1.01 g). 



20 



25 



[olof2.3-^PYriTti;rfin«.- 



StepC: 



2-Aniino-7-r3-rtftnvY- B-D-ribofiiraiiosvlV7ff-i 

Amixtureof compoundfix)mStepB (0.4g. 1.4 mmol) in 2N aqueous 
NaOH (40 mL) was stirred at reflux temperature for 3 h. ITie solution was cooled in 
ice bath, neutralized with 2 N aqueous HCl and evaporated to dryness. The residue 
was suspended in MeOH. mixed with silica and evaporated. The residue was placed 
onto a sihca gel column which was eluted with CHjCla/MeOH: 10/1 and 5/1 to give 
the title compound as white solid (0.3 g). 

•h Nm (DMSO-^): 6 1.85. 2.12 (2m. 2H). 3.55. 3.46 (2dd, 2H). 4.18 (m. IH); 4.29 
(m IH). 4.85 (7. IH), 5.42 (d. IH) 5.82 (d. IH. i=2.4 Hz). 6.19 (s. 2H). 6.23 (d, IH 
/=3.6 Hz). 6.87 (d. IH). 10.31 (s, IH). 
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EXAMPLF. 1 1 



2-Amino-7-r2-Q-methv1-P-r)-ribofnranncY')-7//-nvrrnlnr? 



imidin-4f3ffl-f>n«» 
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O 




H(5 bMe 



Step A: 2-Amino-4-chloro■7>f5-^butvldimethvlsilv^23-0>^sopropvlidene-p- 

D-ribofuranosvlV7H-pvm)lor23->£/lpvriniid^ 
HMPT (10.65 ml, 55 nnnol) was added portionwise over 30 min. to a 

5 solution of 5-0-tert-butyldiraethylsiIyl-23-0-isopiopylidene-D-ribofuranose (133 g, 
44 mmol), dry THF (135 niL), CCI4 (5.62 mL, 58 mmol) under N2 at -76°C. After 30 
min., the temp, was raised to -20°C. In a separate flask, a suspension of 2-amino-4- 
chloro-iiy-pyrrolo-[2,3-d]-pyriniidine (15 g, 89 mmol) in CH3CN (900 mL) was 
treated at 1 5°C with 60% NaH (3.60 g., 90 mmol.). The leactirai was stirred 30 

0 min.whereupon the previous, reaction mixture was cannulated with vigorous stirring. 
The reaction was stirred 16 hrs. and then concentrated in vacuo. The resulting 
semisolid was added to ice/water/EtOAc and extracted with EtOAc (3 x 200 mL), 
dried NaS04. filtered and evaporated. The resulting oil was chiomatographed on 
silica gel (EtOAc/ Hexane 1/1) to aJfford the product as an oil (9.0 g). 

5 . 

StepB: 2-Amino-4-chlon)-7-fP>D-ribofuranosvlV7//-pviTolor23-£npvrimidin 

A solution of the conipound from Step A (5.76 g, 13 mmol) in 
MeOH/H20 (1200 mU600mL) and Dowex WX8-400 (4.8 g) was stirred 16 hrs. at 
room temperature. The resin was filtered off and the filtrate evaporated to afford the 
3 title compound as a white solid; yield 3.47 g. 

NMR (DMS0-rf6): 8 3.56 (m, 2H), 3.86 (m, IH), 4.07 (m, IH), 4.32 (m, IH), 4.99 
(t, IH), 5.10 (d, IH), 5.30 (d, IH). 6.00 (d. IH), 638 (d, IH), 6.71 (s br, 2H), 7.39 (d, 
IH). 

) Step C: 2-Amino-4-chloro-7-f2-0-methvl-B-D-ribofuranosvlV7g-DvrrolDr2.3- 

^pvrimidine 

A solution of the compound firom Step B (1.0 g, 3.3 mmol) in dry 
DMF (100 mL) at 15°C was treated with 60% NaH (0.14 g, 3.5 mmol). After 30 
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min., iodomethane (47 g, 33 mmol) was added portionwise to the stirred solution. 
The reaction was stirred at room temperature for 16 hrs. and then evaporated at a 
temperature below 46°C. The resulting solid was chromatographed on silica gel to 
afford the product as a white solid; yield 0.81 g. 
5 NMR (DMSO-^f^: 5 3.25 (s, 3H), 3.54 (m, 2H), 3.87 (m, IH), 4.07 (m, IH), 4.22 
(m, IH). 5.01 (m, IH), 5.16 (d, IH), 6.07 (d, IH), 6.37 (d, IH), 6.70 (s br, 2H), 7.40 
(s, IH). Mass spectrum: m/z 316 (M + 1)^ 

Step D: 2-Amino-7-(2-0-methvl>>B-D-ribofuranosvlV7/?-pviTolor2J- 
10 e/lpvrimidin-4(3flVone 

A solution of the compound from Step C (80 mg, 0.25 mmol) in 
NaOH/HaO (1.6 g/20 ml) was heated at reflux for 7 hrs., whereupon the solution was 
adjusted with dilute HCl to a pH of 7 and then evaporated. Chromatography of the 
resulting solid on silica gel with EtQAc/MeOH 8/2 afforded the product as a white 
15 solid; yield 64 mg. 

'h NMR (DMSO-d^): 5 3.25 (s, 3H), 3.52 (m, 2H) 3.81 (m, IH), 4.00 (m, IH), 4.19 
(m, IH), 5.10 (s br, 2H), 5.95 (d, IH), 6.27 (d, IH), 6.33 (s br, 2H), 6.95 (d, IH), 
10.55 (s br, IH). 

20 EXAMPLE 12 

2-Amino-5-methvl-7-(B-D-ribof uranosVlV7i:/>pvrrolor2.3-tflDvrimidin^(3HVone 





N 



N NH 



HO t)H 

This compound is described in Biochemistry, 33: 2703 (1994) and was 
25 synthesized by the following procedure: 

Step A: 2-Amino-7-r 5-0-fe7t-butvldimethvlsilvl-23-<9-isoDropvlideDe-B-D- 

ribofuranosvl')-4-chloro-5-methvl-7.g-DvrrQlof2.3-^p vrimidine 
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To a Stirred suspension of 2-amino-4-chIoro-5-methyl-lfl-pynolo[2,3- 
t/Ipyrimidine fLiebigs Ann. Chem 1 984, 4, 708) (0.91 g, 5 mmol) in dry MeCN (30 
ml) was added NaH (60% in mineral oil; 0.2 g, 5 mmol) and the mixture was stirred at 
room temperature for 0.5 h. A solution of 5-C>-tert-butyIdimethylsilyI-2,3 O- 
5 isopropylidene-a-D-ribofuranosyl chloride [generated in situ fiora the conesponding 
lactol (1.22 g, 4 mmol) according to Tetrahedron Lett. 27: 1011 (1986)] in dry THF (6 
mL) was added at room temperature, and the mixture was stirred overnight, then 
evaporated to dryness. The residue was suspended in water (100 mL) and extracted 
with EtOAc (2 x 100 mL). The combined organic extracts were washed with brine, 
10 dried Qi&zSO^) and evaporated. The residue was purified on a silica gel column using 
a solvent system of hexanes/EtOAc: 7/1 and 5/1. Appropriate fiactions were collected 
and evaporated to dryness to give the tide compound (0.7 g) as a colorless foam. 

Steafi: 2-Amino-4-chlon>-5-methvl -7-<'B-D-rihnfi,ranosvn-7g-pvirolof23- 
15 rflpvrimidine 

A mixture of the intermediate ifrom Step A (0,67 g, 1.4 mmol) in 
MeOH (70 ml) and water (33 mi) was stirred with DOWEX H* (to adjust pH of the 
mixture to 5) at room temperature for 4 h. The mixture was filtered and the resin 
thoroughly washed with MeOH. The combined filtrate and washings were evaporated 
20 and the residue coevaporated several times with water to yield the tide compound 
(0.37 g) as a white solid. 

^^PC- 2-Amino-5-methvl 7- ( R rt- ribofiBranosvl V7g-Dvn-olof 2.3-<flDvriinidiT.- 

4(3/n-one 

25 A mixture of intermediate from Step B (100 mg, 0.32 mmol) in 2N 

aqueous NaOH (20 mL) was stirred at reflux temperature for IJ h. The solution was 
cooled in ice bath, neutralized with 2 N aqueous HCl and evaporated to dryness. The 
residue was suspended in MeOH, mixed with silica gel and evaporated. The solid 
residue was placed onto a silica gel column (packed in a solvent mixture of 

30 CH2Cl2/MeOH: 10/1) which was eluted with a solvent system of CHaClz/MeOH: 10/1 
and 5/1. The fractions containing the product were collected and evaporated to 
dryness to yield the title compound (90 mg) as a white solid. 
'H NMR (DMSO-^fe): 6 2.15 (d, 3H), 3.47, 3.50 (2m, 2H). 3.75 (m. IH), 3.97 (m, 
IH). 4.17 (m, IH), 4.89 (t, IH). 4.96 (d. IH). 5.14 (d. IH), 5.80 (d. IH. /= 6.4 Hz), 

35 6.14 (s, 2H), 6.60 (q, IH, J= 1.2 Hz), 10.23 (s, IH). 
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2-Ainino-3.4-dihvdro-4-oxo-7-r2-0-m ethvl-6-D-rihnfuranosvlV7/^-pmolor2.3- 
5 Jlpvriinidine-5-carbonitrile 



10 



Step A: 




HO bMe 



2-Aniin(>-4-chloro-7-B-D-ribofuranosvl-7fl-pvrTolor23 
5-caTbonitrile 

This intennediate was prepared according to J. Chem. Soc. Perkin 
Trans. J, 2375 il9&9). \ 



dine- 



15 



20 



25 



StffiB: 2-Anuno-4-chloro-7-f3.5-0 -a.l.33-tetraisoproDvldisilnxane-1,^- 

divn-B-D-ribofuranosvn-7 ^-pviTolor2.3-/i1pvriiiiidine-S-caifaonitrile 

To a solution of the compound from Step A (1.64 g, 5.00 mmol) in 
DMF (30 mL) was added imidazole (0.681 g, 10.0 mmol). The solution was cooled to 
O.^C and 1.3-dichloro-l.U,3-tetraisopropyldisiloxane (1.58 g, 5.00 mmol) was added 
dropwise. The bath was removed and the solution stirred at room temperature for 30 
minutes, evaporated in vacuo to an oil, taken up in ethyl acetate (150 mL) and washed 
with saturated aqueous sodium bicarbonate (50 mL) and with water (50 mL). The 
organic phase was dried over magnesium sulfate, filtaed and evaporated in vacuo. 
The residue was purified on silica gel using ethyl acetate/hexane (1:2) as eluent. 
Fractions containing the product were pooled and evaporated in vacuo to give the 
desired product (2.05 g) as a colwless foam. 

'h NMR (DMSO-^y: 6 1.03 (m, 28H), 3.92 (m, IH). 4.01 (m. IH), 4.12 (m, IH), 
4.24 (m, 2H), 5.67 (m, IH), 5.89 (s. IH), 7.17 (bs, 2H), 8.04 (s, IH). 



Step C: 



2-Amino-4-ch]oro-7-f?-n -niethvl-B-D-ribofurannsvn-7f/-i 
rflpvrimidine-5-carhonitrili> 

-67- 



rolof2.3- 



wo 02/057425 



PCT/US02/01531 



10 



15 



20 



25 



30 



To a pr^cooled soluUon (O^C) of the compound from Step B (1 70 g 
3.00 mmol) in DMF (30 mL) was added methyl iodide (426 mg, 3.00 mmol) and thJn 
NaH (60 % in mineral oil) (120 mg. 3.00 mmol). The mixture was stirred at rt for 30 
minutes and then pouied into a stiired mixture of saturated aqueous ammonium 
chlonde (100 mL) and ethyl acetate (100 mL). n,e organic phase was washed with 
water (100 mL), dried over magnesium sulfate, filtered and evaporated in vacuo The 
resultmg oily residue was co-evaporated three times ftom acetonitrile (10 mL). taken 
up m THF (50 mL) and tetrabutylammonium fluoride (1.1 mmol/g on silica) (4 45 g 
6.00 mmol) was added. The mixture was stirred for 30 minutes, filtered and the ' 
filtrate evaporated in vacuo. The crude product was purified on silica using 
methanol/dichloromethane (7:93) as eluent. Fractions containing Uie product were 
pooled and evaporated in vacuo to give flie desired product (359 mg) as a colorless 
solid. 

'hNMR (DMSO-rf^: 6 3.30 (s. 3H). 3.56 (m. 2H) 3.91 (m. IH). 4.08 (m. IH). 4.23 
(m, IH), 5.11 (m, IH). 523 (m. IH). 7.06 (m. IH). 7.16 (bs. 2H). 8.38 (s, IH). 

Step D: 



2-Amino-3.44dihvdro-4-oxn.7.n-n. m ethvl-B-D-rihnfuranosvn-7p- 
ro]or2J-</l pvrimidine-5-carbonitrite 

To a solution of the compound from Step D in DMF (5.0 mL) and 
dioxane (3.5 mL) was added syn-pyridinealdoxime (336 mg. 2.75 mmol) and tiien 
tetramethylguanidine (288 mg. 2.50 mmol). The resulting solution was stiired • 
overnight at rt. evaporated in vacuo and and ca:evaporated three times from 
acetonitrile (20 mL). The oily residue was purified on silica gel using 
metiianol/dichloromethane (7:93) as eluent. Fractions containing die product were 
pooled and evaporated in vacuo to give the desired product (103 mg) as a colorless 
solid. 

'hnMR (DMSO-J^: 5 3.30 (s. 3H). 3.57 (m. 2H). 3.86 (m. IH). 4.00 (m. IH). 4 21 

^. IH). 5.07 (m. IH). 5.17 (m. IH). 5.94 (m. IH). 6.56 (bs. 2H). 7.93 (s. IH). 10.82 
(bs, IH). 

EXAMPLE 14 



2-Amino-5-methvl-7-r2-0-m.thyi -B.D-rihnfiir«nn.Y i>-'7»-i 
4(3g)-one 



rolor2.3-dlpvrimidin- 
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HO bwe 

Step A: 2-A3iiino-4-chloro-5-methvl.7~f2-0-methvl-B-D-ribofuranQsvlV7//^ 

Pvrro]or2,3-rf]-pvrimidine 

Into a solution of the compound from Example 12, Step B (1 88 mg, 
5 0.6 mmol) in anhydrous DMF (6 roL) was added NaH (60% in mineral oil; 26 mg, 
0.66 mmol). The mixture was stirred at room temperature for 0.5 h and then cooled. 
Mel (45 \xL) was added at Ol^C and the reaction mixture allowed to wami to 15 in 5 
h. Then the mixture was poured into ice-water (20 mL) and extracted with CH2CI2 
(100 + 50 mL). The combined organic extracts were washed with water (50 mL), 
10 brine (50 mL) and dried 0^a^SO4): The evaporated residue was purified on a silica gel 
column with a solvent system of CH2CI2/ MeOH; 30/1. Appropriate fractions were 
pooled and evaporated to yield the title compound (50 mg) as a coloriess glass. 

Step B: 2-Amino>7-( 2-Q--methvl-p->D>ribQfuranosvlV5>methvl-.7f/- 
5 PVn-oIof2,3- ^pvrimidin>4Gf^ -nnf> 

A solution of the compound from Step A (50 mg, 0.15 mmol) in 0.5M 
NaOMe/MeOH (4 mL) was stirred at reflux temperature for 1.5 h. The mixture was 
cooled, mixed with silica gel and evaporated to dryness. The silica gel was loaded 
onto a silica gel column and eluted with a solvent system of CH2a2/MeOH: 30/1. The 
fractions containing the product were collected and evaporated to yield 2-amino-7-(2- 
0-methyl-p.D-ribofuranosyl)-4-methoxy-5-methyl-7//~pyrro 
mg). This was mixed widi 2 N aqueous NaOH (4 mL) and stirred at reflux 
temperature for 10 h. The mixture was cooled in ice bath, neutralized with 2 N 
aqueous HCl and evaporated. The solid residue was suspended in MeOH, mixed with 
silica gel and evaporated. The silica gel was loaded onto a silica gel column and 
eluted with a solvent system of CH2CI2/ MeOH: 5/1. Appropriate fractions were 
pooled and evaporated to give the title compound (40 mg) as a white solid. 
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•h NMR (DMSO-de): 5 2.18 (s. 3H), 3.26 (s, 3H), 3.45. 3.52 (2m, 2H). 3.82 (m. IH), 
3.97 (dd, IH), 4.20 (m, IH), 4.99 ((t, IH), 5.10 (d, IH), 5.94 (d, 
IH, 7= 7.0 Hz), 6.19 (bs. 2H). 6.68 (s, IH), 10.60 (br, IH). 

EXAMPLE 15 

2-Amino-7-(2-deoxv-2-fluoro-6-D-ara binofuranosvlV7//-pvrrn)nf23-^llDvrimidin 
4(3//Vone 




HO 

This compoupd was prepared following the procedures described in J. 
Med. Chem. 38: 3957 (1995). 

EXAMPLE 16 



15 2-Amino-7-(B-D-arabin ofiiranosvlV7g-pvrroIor2.3-rf]Dvriinidin-4f3/fi- 



one 




\ LoH 

This compound was prepared following- the procedures described in J. 
Org. Chem. 47: 226 (1982). 



20 
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EXAMPLE 17 

2iAiBino£7ij[g:^^ 
5-carfaonitrile 




\_Z.OH 

5 hd 

Step A: ' 2-AiDino->7-(B-D-arabinofuranosvlV4-chloro-7H-pvirolor2.3> 

rflpvrimidine-5-carbonitrile 

This intermediate was prepared according to J. Chem. Soc. PerJdn 
Tronj. J, 2375 (1989). ; 
10 \ 

Step B: 2-Amino-7-(B"D-arabinofuranosvn-3,4-dihvdro-4-oxo-7/7-pYiTolQr23 

Jlpvrimidine-S-caifaonitrile 

To a solution of the compound from Step A (163 mg, 0.50 mmol) in 
DMF (5.0 mL) and dioxane (3.5 mL) was added syn-pyridinealdoxime (336 mg, 2.75 

15 mmol) and then tetramethylguanidine (288 mg, 2.50 mmol). The resulting solution 
was stirred overnight at rt, evaporated in vacuo and and co-evaporated thi€e times 
from acetonitrile (20 mL). The oily residue was purified on siHca using 
methanol/dichloromethane (1:4) as eluent. Fractions containing the product were 
pooled and evaporated in vacuo to give the desired product (72 mg) as a colorless 

20 solid. 

'h NMR (DMSO-rfg): 5 3.60 (m, 2H), 3.73 (m, IH), 4.01 (m, 2H). 5.06 (m, IH), 5.48 
(m, 2H), 6.12 (m, IH), 6.52 (bs, 2H). 7.70 (s, IH). 10.75 (bs, IH). • 
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EXAMPLE 18 




5 Step A 2-Aimno-7-(23,S-tri>0-b en2vl-B-D-arabinofuranosvn-4^ 

methvl-7H->pvrrolor2,3-£npvrimidine ' 

To a solution of 1 -O-p-nitrobenzyl-D-arabinofuranose (3 .8 1 g, 6.70 
mmol) in DCM was bubbled HBr until TLC (hexane/ethylacetate (2:1)) showed 
complete reaction (about 30 min). The reation mixture was filtered and evaporated in 

10 vacuo. The oily residue was iaken up in acetonitrile (10 mL) and added to a 
vigorously stirred suspension of 2-aniino^hlorD-5-niethyl-7i?-pyrro]o[2^- 
^pyrimidine Cliebigs Ann. Chem. (1984), 4, 708) (1.11 g, 6.00 mmol) KOH (1.12 g, 
20.0 mmol) and tris[2-(2-methoxyethoxy)ethyl]amine (0.216 g, 0.67 mmol) in 
acetonitrile (80 mL). The resulting suspension Nvas stirred at rt for 30 min, filtered and 

15 evaporated in vacuo. The crade product was purified on silica using 

hexane/ethylacetate (3:1) as the eluent. Fractions containing die product were pooled 
and evaporated in vacuo to give the desired product (1 .13 g) as a coloriess foam. 

Step B: 2-AmiDO~7-B"D-arabinofuranosvl-4>chloro>5-methvl-7//-pvrrolof2,3- 
20 ^/Ipvrinaidine 

To a precooled (-78'*C) solution of the compound from Step A (0.99 g, 
1.7 namol) in dichloromethane (30 mL) was added borontrichloride (IM in 
dichloromethane) (17 mL, 17.0 mmol) over a 10 min. The resulting solution was 
stirred at -78 ''C for Ih, allowed to warm to -15^C and stirred for anotiier 3h. The 
25 reaction was quenched by addition of methanol/dichloromethane (1 :-l) (1 5 mL), 
stirred.at -15°C for 30 min, and pH adjusted to 7.0 by addtion of NH4OH. The 

mixture was evaporated in vacuo and the resulting oil purified on silica using 
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methanol/dichloromehane (1:9) as eluent. Fractions containing the product were 
pooled and evaporated in vacuo to give the desired product (257 mg) as a colorless 
foam. 



5 Step C: 2-Amino-7>(B-D-arabinofuranosvlVS--niethvl-7//-pvirolor2.3- 

<i]pvrimidin"4( 3^one 

To the compound ftom Step B (1 57 mg, 0.50 mmol) was added NaOH 
(2M, aqueous) (2 mL). The resulting solution was stirred at relux for Ih, cooled and 
neutralized by addition of HCl (2M, aqueous). The mixture was evaporated in vacuo 
0 and the crude product purified on silica using methanol/dichloromehane (2:8) as 
eluent Fractions containing the product were pooled and evaporated in vacuo to give 
the desired product (53 mg) as a colorless powder. 

NMR (DMSO^^: 5 2.13 (d, 3H), 3.58 (m, 2H), 3.71 (m, IH), 4.00 (m, 2H), 5.09 
(m, IH), 6.22 (bs, 2H), 5.50 (m, 2H), 6.12 (m, IH), 6.64 (s, IH), 10.75 (bs, IH). 



5 



EXAMPLE 19 



9 



2-Aniino-7-f3-deoxv-3-flucMro-B-D-rib ofuranosvlV7H-pvrrolor23-rflDvri^ 



one 



"\7 




HO^ .O. ^' ^N^ ^NHa 



F OH 

A solution l-0-acetyl-2-0-benzyl-5-0-(p-toluoyl)-3-deoxy-3-fluoro- 
D-ribofuranose (410 mg, 1.01 mmol) (prepared by a niodified method described for 
similar sugar derivatives, Helv, Chinu Acta 82: 2052 (1999) and J. Me± ChemA991, 
34, 2195) in anhydrous CH2CI2 (1.5 mL) was cooled to -15^C in a dry ice/CHaCN 
bath. After cooling the reaction mixture for 10 min. under the argon atmosphere, 33% 
HBr/AcOH (370 jiL, 1.5 equiv.) was added slowly over 20 min keeping the bath 
temperature around -15°C After the addition was complete, the reaction mixture was 
stirred at -lO^C for 1 hr. The solvent was removed under reduced pressure and the 
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residue azeotroped with anhydrous toluene (5x10 mL). In a separate flask, 2-aniino^ 
chloro-7^-pyn:olo[2.3-4pyrimidine (210 mg, 1.2 minol) was suspeiided in anhydrous 
CH3CN (10 mL). and cooJed to -10**C. To this was added 60% NaH dispersion in oil 
(57 mg) in two portions, and the reaction mixture was stiired for 45 min. during 
5 which Ume the solid dissolved and the bath temperature rose to 0"C. The bath was 
removed and stirring was continued for about 20 additional min. It was cooled back to 
-16 C and the bromo sugar, prepared above, was taken up in anhydrous CH3CN (1.5 
mL) and added slowly to the anion of nucleobase . After the addition was complete, 
the reaction mixture was stirred for an additional 45 min aUowing the temperature of 
10 the reaction to rise to P»C. The bath was removed and the reaction allowed to stir at 

room temperature for 3 hr. Methanol was added carefully to the reaction mixture and 
the separated soUd removed by filtration. The solvent was removed under reduced 
pressure and the residual oil dissolved in EtOAc (50 mL) and washed with water 
(3x20mL). The organic layer was dried over Na2S04 and concentrated to give an oU. 
15 It was purified by column chromatography to furnish fully protected 2-amino-7-(5-0- 
(p-toluoyl)-2-0-benzyl-3-d^xy-3:fluoro-p-D-ribofiiranosyl)-4-chloro-7jy- 
pyirolo[23-iflpyrimidine (190 mg) as an o/p mixture (1:1) . After conversion of 4- 
chloro to 4-0x0 by heating the compound with 2N NaOH/dioxane mixture at 105»C 
and after the usual woriojp the residue was debenzylated using 20 mol% w/w of 10% 
Pd/C and ammomum formate in refluxing methanol to give title compound after 
purification by HPLC; yield 10%. ESMS: calcd. for C, ,H,3FN404 284 24 found 
283.0 (M+1). ' . 



20 



25 



EXAMPLF. 20 

2-Amino-3.4-dihvdrQ-4-n^n-7.f2-denxv-ft.T >.ribofiii^nsYl)-7//.pvn^^ 
</lpvrimidine-5-carbQnitrile 




NH 

HO-^\^^a^^ NH. 
H(5 
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This compound was prepared following the procedures described in 



Synthesis 1327 (1998). 



EXAMPLE 21 



5 



6-Ainin(>-l-(B-I>-ribofura nosvIVl//-iimdazor4.S^^pvridin-4f5W) -nne 



O 




This compound was prepared following the conditions described in /. 
Am. Chem. Soc. 97: 2916 (1975). 



10 



M^^LE22 



15 



20 



2-Amino-7-(2-Q-methvI-B-D-ribofiiraTin>:vl^«5 g .Dvrrolor3.2-JlDvrimidin^n 



To a suspension of 2-amino-5^f-pyrrolo[3^-rf]pyrimidin-4(3/0-one (9- 



deazaguanine) (0.454 g, 3.0 mmol) (prepared according to J.Org.Chem.mi, 43, 
2536) and 2-C>-methyH,3,5-tri-0-benzoyl-P-D-ribofuianose (1.54 g, 3.2 mmol) in 
dry nitromethane (23 mL) at 60''c was added stannic chloride (0.54 mL, 4.5 mmol). 
Hie reaction mixture was maintained at this temperature for 0.5 hr., cooled and 
poured onto ice-cold saturated, sodium bicarbonate solution (70 mL). The insoluble 
material was filtered through flwisil and washed with ethyl acetate (3x50 mL). The 



O 
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filtrate was extracted with ethyl acetate (2x50 mL), and organic layer was washed 
with water (2x50 mL). dried over Na2S04 and evaporated to dryness. Chromatography 
of the resulting foam on silica gel with CH2Cl2AleOH(14:l) afforded the benzoylated 
product (0.419 g, 30% yield). To a suspension of die benzoylated product (0.25 g) in 
5 MeOH (2.4 mL) was added t-butylamine (0.52 mL) and stirring at room temperatorc 
was continued for 24 hrs. followed by addition of more t-butylamine (0.2 mL). The 
reaction mixture was stirred at ambient temperature overnight, concentrated in 
vacuum and the residue was purified by flash chromatography over silica gel using 
CHaQT/MeOH (85: 1 5) as eluent giving the desired compound as a foam (0.80 g). 
10 'H NMR (200MHz. DMSO-d;,): 8 Hz3.28 (s, 3H). 3.40-3.52 (m, 3H), 3.87-3.90 (m, 
IH), 4.08-4.09 (m, IB), 4.67 (d. IH, 7 = 5.2 Hz), 4.74 (d. IH. 7 = 7.0 Hz), 5.62 and 
5.50 (2 bs, 3H), 7.14 (d, IH, 7 = 2.6 Hz). 10.43 (s.lH). 11.38 (s,lH); 
Mass spectrum: calcd. for Ci2H,6N405: 296.28; found- 295. 1 1 . 

15 EXAMPLE 23 

* 

6-Amino-l -(3-deoxv-B-D-ribofiira nosvn-l/f-imida2or4.5-clpvridine-4r5HW>ne (V. 
deoxv-3-dea2a-guanosine) 




OH 

20 Step A: 3-Deoxy-4-C'.p-toluovl-2-Q- acetvl-B-D-rihofuranosvl acetate 

A solution of 3-deoxy-4-0-/?-toluoyl-1.2-C>-isopropylidene-P-D- 
ribofuranose (Nucleosides Nucleotides 1994, 13, 1425 and Nucleosides Nucleotides 
1992, 11, 787) (5.85 g, 20 mmol) in 64 mL of 80% acetic acid was stirred at 85**C 
overnight. The reaction mixture was concentiated and co-evaporated witii toluene. 

25 The residue was dissolved in 90 mL of pyridine. Acetic anhydride (6 mL) was added 
at O^C. and the reaction mixture was stirred at rt for 6 h. After condensation, tiie 
residue was dissolved in etiiy] acetate and washed with aqueous sodium bicaibonate 
solution, water and brine. The organic phase was dried and concentiated. 
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Chromatographic purification on a silica gel column using 3:1 and 2:1 hexanes- 
EtOAc as eluent provided 5.51 g of the title compound as a clear oil. 
'H NMR (CDCI3): 6 1.98 (s. 3H). 2.09 (s, 3H). 2.15-2.35 (m, 2H), 2.41 (s. 3H). 4.27- 
4.42 (m, IH). 4.46-4.58 (m. IH), 4.65-4.80 (m, IH). 5.21-5.28 (m. IH). 6.20 (s, IH) 
7.19-7.31 (m, 2H), 7.90-8.01 (m, 2H). 

Methyl 5-cvanomethvl-1 -n-dft oxv-4-0- p-tnlnn Y]-2.0-acetvl-R-n- 
ribofurano svlVl//-imida2ole-4-carfaoxvlatfe 
A mixture of methyl 5(4)-(cyanomethyl>lH-imidazole-4(5)- 
carboxylate (7. Am. Chem. Sac.1976, 98, 1492 and/. Org. Chem.1963, 28, 3041) 
(1.41 g, 8.53 mmol), l,l.l,333-hexamethyldisila2ane (20.5 mL) and ammonium 
sulfate (41 mg) was refluxed at 125°C under Ar atmosphere for 1 8 h. Afta- 
evaporation, the residue was dissolved in 10 mL of dichloroethane. A solution of the 
compound from Step A (2.86 g. 8.5 mmol) in 10 mL of dichloroethane was added 

15 foUowed by addition ofSnCU (1.44 mL. 3.20 g). The resulted reaction mixture was 
stined at rt overnight and dihited widi chlorofonn. The mixture was washed with 
aqueous sodium bicariwnate^ water and brine. The organic phase was dried and 
concentrated. Chromatographic purification of the residue on a silica gel column 
using 1 : 1 , 1 :2, and 1 :3 hexanes-EtOAc as eluent provided 2.06 g of the title 

20 compound as a white foam. 

'H NMR (CDCI3) 6 2.15 (s. 3H), 2.28-2.40 (m, 2H), 2.38 (s, 3H), 3.87 (s. 3H), 4.46 
(dd, 2H, 7 = 7.6. 2.0 Hz). 4.50-4.57 (m. IH). 4.68-4.75 (m. IH). 4.76-4.83 (m, IH). 
5.41 (d. IH. /= 5.6 Hz), 5.91 (s, IH). 7.24-7.28 (m, 2H). 7.80 (s. IH), 7.82-7.90 (m, 
2H); "C NMR (CDCI3) 6 13.1, 20.7. 21.6. 31.5, 51.8, 63.5, 77.9, 79.2, 89.8, 115 1 
25 126.2, 129.3, 129.5, 131.7, 135.1, 144.3, 163.1. 166.1, 170.3. 

6-Amino-l-(3-deoxv-fi-r)-Tih ofuranosvlVlW^.imida7nr4, ';-^]pYriH;np. 
4(5/f)-one . 

A solution of the compound from Step B (2.00 g. 4.53 mmol) in 
30 medianol (30 mL) was saturated with ammonia at 0°C. Concentrated ammonium 

hydroxide (30 mL) was added and the sealed metal reactor was heated at 85''C for 5 h. 
After cooling to rt. the reaction mixture was transferred directly onto a silica gel 
column. EluUon with 4:1. 3:1 and 2:1 CHCls-MeOH provided 0.79 g of the tide 
compound as a white solid. 
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'H NMR (DMSO^): 5 2.41-2.46 (m. IH). 2.52-2.58 (m. IH), 3.48-3.55 (m, IH), 
3.60-3.70 (m, IH), 4.27-4.36 (m, 2H). 4.97 (t, IH. J = 5.6 Hz), 5.44 (s, IH), 5.47 (s. 
IH), 5.60 (s, 2H), 5.66, (d, IH, 7= 4.4 Hz), 7.90 (s, IH). 10:33 (s. IH); '^C NMR 
(DMSO <*?) 5 34.1, 62.4. 70.4. 74.7, 80.4. 91.6, 123.0, 136.3, 141.9. 147.6, 156.5. 

E?CAMPLE24 

6-Amino-l-G-deoxv-3- fluoro-B-D-riboftiranosvlV 1W-imida7 of4.5-c1pvridin-4r 3^ 
one 



10 




This compound was prepared in a manner similar to the preparation of 

2-amino-7-(3-deoxy-3-fluoro-P-D-ribofuranosy])-7/r-pyn^oloI2,3-ii3pyrimidin-4(3J?)- 
one (Example 23). 



15 



EXAMPLE 25 



.l-(P-D-Ribofuranosvl)-liy-pvrazolor3.4-^ flDvrimidin-4(3/f>-one (Allop nrinnl 
riboside) 




HO OH 



20 



This compound was obtained from commercial sources. 
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EXAMPLE 26 



9-fB-D-Arab inofuranosv1V9//-Purin-^fl//>-Qne 




HO 

5 This compound was prepared foDowing the conditions described in J. 

Med, Chem, 18: 721 (1975). 

EXAMPLE 27 

1^ 2-Amino-7-(2-Q-methvl-l ^D-ribofuranosvlV7^-pwolof2.3-rflDvrimidi 
thione 




HO OMe 

A solution of the compound torn Example 1 1 , Step C (1 .5g. 5 mmol), 
thiourea (0.4 g, 5.2 mmol.) in abs. EtOH was refluxed for 16 hrs. The solution was 
15 evaporated and the resulting oil chromatographed on silica gel (EtOAcMeOH: 9/1) to 
afford the desired product as a foam. 

NMR (DMSO-d^): 5 3.30 (s, 3H). 5.00-5.06 (t, IB), 5.19 (d, IH), 5.95 (d, IH), 
6.43 (d, IH), (d, IH). 

20 
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EXAMPLE 28 



2-Ainino-7-(B-D>ribofiirano5;vlV7iR-i 



imidine 




HO OH 



This compound was obtained from commercial sources. 



10 



2-Amino-4H;hloro-7-(2-amethvl-B-D-ribofiira n osvlV7ff-p vrr nlor2.3-dlDvriini^^ 
carbonitrile 




h6 OMe 



This compound was prepared as described in Example 13, Steps A-C. 



15 



EXAMPLE 30 

2-Amino-4K;hloro-5-ethvl-7-^2-0-niethYl-fV- D.ribofuranosvlV7//-Dvrrolof2.3-^ 
pvrimidine 
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h6 t)Me 



Step A: 2-Amino-4-chloro-5-ethv]-7-f3,5-Q-ft&traisopropvldisiloxane- 1 3- 

divlVB-D-ribofiir anosvn-7i/-Dvirolor23->^f]pv^ 
. To a solution of 2-amino-4-chloro-5-ethyl-7-(P-D-ribofui^osyl^^ 
5 pyirolo[2,3-^pyrimidine (0.300 g, 0.913 mmol) in pyridine.(8 mL) was added 1,3- 
dichloro-l,l,3,3-tetraisopropyldisiloxane (0.317 g, 1.003 ininol) dropwise. The 
solution stirred at rt overnight, evaporated in vacuo to an oil, and evirated 
repeatedly from acetonitrile. The crude product was purified on silica using 5% 
methanol in dichloromethane as eluent. Fractions containing the product were pooled 
10 and evaporated in vacuo to ^ve the desired product (254 mg) as a colorless solid. 

-» 

Step B: 2-Amino-4-chloro-5->ethvl-7-(2-0-methvI-B-D-ribofuranosvlV7H> 

Pvrrolof23-cnDvrimidine 

To a pre-cooled solution (0°C) of the compound from step A (192 mg, 
15 0.337 nmiol) in DMF (3 mL) was added methyl iodide (45.4 mg, 0.320 mmol) and 
then NaH (60 % in mineral oil) (8.10 mg, 0.320 mmol). The mixture was stirred at rt 
for 45 minutes and then poured into a stirred mixture of saturated aqueous ammonium 
chloride (10 mL) and ethyl acetate (10 mL). The organic phase phase was washed 
with brine (10 mL) and dried over MgS04 and evaporated in vacuo. The resulting 

20 oily residue was taken up in THF (5 mL) and tetrabutylanamonium fluoride (1.1 

mmol/g on silica) (0.529 g, 0.582 mmol) was added. The mixture was stirred for 30 
minutes, filtered and the filtrate evaporated in vacuo. The crude product was purified 
on silica using 10% methanol in dichloromethane as eluent. Fractions containing the 
product were pooled and evaporated in vacuo to give the desired product (66 mg) as a 

25 colorless solid. 

iH NMR (DMSO-d,): 5 1.15 (t, 3H), 2.65 (q, 2H), 3.20 (s, 3H), 3.51 (m, 2H), 3.84 

(m, IH). 4.04 (m, IH), 4.21 (m, IH), 4.99 (m, 2H), 5.15 (m, 2H), 6.07 (m, 2H), 6.62 
(s br, 2H), 7.06 (s, 2H). 
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EXAMPLE 31 

2-Amino-4KJhIoro-5-methyl-7-(2-(?-inethyI-P-D-ribofuranosyl)-7fl'-pyrrolo[2,3- 
cQpyrimidine 




5 HO OMe 

This compound was prepared as described in Example 14, Step A. 
'H NMR (CD3OD): 5 2.33 (s, 3H), 3.39 (s, IH). 3.72, 3.83 (2dd, 2H), 4.03 (m, IH), 
4.17 (t, IH), 4.39 (dd, IH), 5.98 (d. IH, 7= 5.9 Hz), 6.7 (bs, 2H), 7.01 (s, IH). 

10 ! EXAMPLE 32 

2-AiniDo-4-cMoro-7-r2-Q>methv l>B-D-ribofuranosvlV7J/->pmoIor2,3-Jl 




HO OMe 

This compound was synthesized as described in Example 11, Steps A-C. 



HCANffiLE33 



2-Amino-4-chloro-7-(6> D-ribofuranQsvlV7g--pvrrolor23-^p vrimidine 
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HO OH 

This cooipound was prepared following the piocedures described in 
Helv. Chim. Acta 73: 1879 (1990). 

EXAMPLE 34 

2-Aniino-4K;hloro-5-methvl-7-fBTD-ribofiH^osvlV7iy-pviiDto^^ 




HO OH 

The compound was prepared as described in Example 12, Steps A-B. 
10 'H NMR (DMSO-dfi): 5 2.29 (s, 3H), 3.54 (m, 2H), 3.84 (m. IH), 4.04 (dd, IH, // = 
3.0, J2 = 4.9 Hz), 4.80-5.50 (bs, 3H), 4.28 (t, IH), 5.98 (d, IH, J= 6.5 Hz), 6.7 (bs, 
2H), 7.13 (s, IH). 



EXAMPLE 35 



2-Aniino-4-chloro-5-ethvl-7-(B-D-ribofuranosvlV7g-pvrrolor23-fflpvrimidine 
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HO OH 



This compound was prepared as described in Example 9, Steps A-B. 
NMR (DMSO-45): 6 2.00 (t, 3H). 2.69 (q. 2H), 3.48 (dd, 1 H. 7; = 4.2 Hz, 7^ = 
11.8 Hz). 3.56 (dd, IH, J I = 4.3 Hz, 72 = 11.8 Hz), 3.80 (m, IH), 4.02 (dd, IH, J, = 
5 3.1 Hz, 72 = 5.0 Hz), 4.62 (t, IH), 5.0 (bs, 2H). 5.2 (bs. IH), 5.60 (d, IH, 7 = 6.4 Hz), 
6.61 (bs, 2H), 7.09 (s, IH). 



EXAMPLE 36 



10 2-AnMno-6-c hloro-9-f6-D-nbofuranosvlV9g-p urine 



HO-^^O^^ ^N' ^NH- 
H6 OH 

This compound was obtained from commeicia] sources. 

EXAMPLE 37 

15 

2-Amino-4-chloro-7-(g-D.ribofuranosvlV7//-p wolor2.3-J]nvnmidine-5-carhnnitrilP 
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Hd t)H 

This compound was prepared following the procedures described in J. 
Chem. Soc. Perkin Trans. 1. 2375 (1989). 

EXAMPLE 38 

2-Aniino-4 -chloro-7-f2-deoxv-2-fluoro-B-D-arabinofiiranosvlV7H-Dvrrolor2.3- 
tflpvrimidine 

CI 





N 



2 



HO 

10 This compound was prepared following the procedures described in /. 

Med. Chem. 38: 3957 (1995). 

EXAMPLE 39 

15 2-Ainino-4-<;hloro-5-met hvl-7-(6-D-arabinofaranosvl)-7/^pvnolof2.3-iflpY rimidi^^ 
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\ LoH 

H<5 

The compound was prepared as described in Example 18, Steps A-B. 
iH NMR (DMSO-d^: 6 2.24 (s, 3H). 3.60 (m, 3H), 3.98 (m. 2H), 4.98 (m. IH). 5.43 
(bs, 2H), 6.25 (s. IH), 6.57 (bs, 2H), 7.01 (s, IH). 

5 



EXAMPLE 40 



2'-C>-Methvlcvtidine 



HO 



NH. 



HO OMe 

10 This compound was obtained from commeicial sources. 



EXAMPLE 41 



3'-Deoxv-3*-methvlcvtidine 



NH, 
^ N 



15 Me OH 
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This compound was prepared following the procedures described in 
U.S. Patent No. 3,654^62 (1972), which is incorporated by reference herein in its 
entirety. 



EXAMPLE 42 



3'^Deoxvcvtidine 



NH; 



OH 

This compoimd was obtained from commercial sources. 
10 j 

mMms.43 



3'-Deoxv-3 ' -fluorocvtidine 



HO 



NH- 



F OH 

15 This compound was prepared foUowing the procedures described in 

J. Med. Chem. 34: 2195 (1991). 

EXAMPLE 44 
20 l-fB-D-Arabinofiiranosvl')- Ig-cvtosine 



-87- 



wo 02/057425 PCT/US02/01S31 



NH2 

\ LOH 

H(5 

This compound was obtained firom commeicial sources. 



EXAMPLE 45 

5 

2'-AminD-2'-deoxvcvtidine 




HO NH2 

This compound was obtained from commercial sources. 

10 

EXAMPLE 46 

3'-Deoxv-3'-methvIuridine 




Me OH 
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This compound was prepared following procedures described in U.S 
Patent No. 3.654,262, which is incorporated by reference herein in its entirety. 



EXAMPLE 47 



5 

3 '-Deoxv-3 '-fluorouridine 



P 

<( NH 
F OH 

This compound was prepared following procedures described in J. 
Med. Chem. 34: 2195 (1991 J and FEBS Lett. 250: 139 (1989). 
10 . . 



EXAMPLE 4R 



3'-Deoxy-5-methyluridine 



Me p 

H 

( NH 

Ho-yoNi> 

This compound was obtained from commercial sources. 

EXAMPLE 49 

3'-Deoxv-2'-0-(2-methoxve thvlV3'-inethvl-5-methvliiririinR 
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Me O 



\ NH 




OMe 

Step A: 5'>Q>(rert-butvldiphenvlsilvlV3^-0-G-rgyt-butvlphenoxvthio^ 

2'-0>f2"methoxvethvl)-5-methvluridine 

This compound was synthesized by the reaction of the corresponding 
5 5'-protected-2'-substituted-5«methyluiidine with 3*-r-butylphenoxy 

chlorothionoformate following the similar procedure for the preparation of 3'- 
phenoxythiocarbonyI-2*-deoxy derivative {Synthesis 1994, 1163). 

StepB: 5'-0-(rgrr-ButvldiphenvlsilvlV3^deoxv-2*->0-(2-methoxvethvlV3^f2- 
10 phenvlethenvlV5>methvluridine 

To a solution of 5*-0-(/err-butyldiphenylsilyl>3'-0-(3-/crr- 

butylphenoxythiocarbonyl)-2'-0-(2-methoxyethyl>-5-methyluridine (15.0 g, 20.0 
nmiol) in 1 50 mL of benzene was added PhCH=CHSnBu3 (1 8.7 g, 50 mmol). The 

resulting solution was degassed three times with argon at rt and 45''C. After AIBN 
15 (1.0 g, 6.1 mmol) was added, the resulting solution was refluxed for 2 b. Another 
portion of AIBN (1.0 g, 6.1 mmol) was added after cooling to about 40°C and 
refluxed for 2 h. This procedure was repeated until the starting material disappeared. 
The solvent was evaporated and the residue was purified by flash chromatography on 
a silica gel column using 10: 1 and 5: 1 hexanes-EtOAc as elnent to give 1 .74 g of 5'- 

20 C?-(ter/-butyldiphenylsiIyl)-3'-deoxy-2'-0-(2-methoxyethyl>3'-(2-phenylethenyl)5- 
methyluridine as a white foam. 

'hNMR (CDCI3): 5 1.13, (s, 9H), 1.43 (s. 3H). 3.18-3,30 (m, IH). 3.37 (s, 3H), 
. 3.58-3.62 (m, 2H), 3.79-3.80 (m, 2H), 4.06-4.37 (m, 4H), 4.95 (s, IH), 6.25-6.40 
(m, IH), 6.62 (d, IH, J= 16 Hz), 7.27-7.71 (m, 16 H), 9.21 (s, IH); "c NMR 
25 (CDCI3) 5 11.9, 19.6. 27.2, 45.3, 59.0, 62.1. 70.2. 72.0, 84.6, 87.1, 90.2, 110.4, 122.8, 

126.4, 127.8, 128.0, 128.3, 128.6, 130.0. 132.7. 133.5. 134.7. 135.3, 135.4. 136.9, 
150.3, 154. 1 ; HRMS (FAB) m/z 641 .302 (M + H)"^ (C37H45N206Si requires 641 .304). 
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Step C: 5^-0-agn-ButvldiDhenvlsilvlV3^deoxv-3'-fhvdroxvmethvlV2^-Q-4^^^ 

methoxvethvlVS-methvluridine 

To a solution of 5^0"(r^r/-butyIdiphenylsilyl>3'-deoxy-2'-0-(2- 
methoxyethyl)-3'-(2-phenylethenyl)-5-roethyluridine. (5.0 g, 7.8 mmol) and 
5 methylmorpholine iV-oxide (NMO) (1.47 g, 12.5 mmol) in 1 50 mL of dioxane was 
added a catalytic amount of osmium tetraoxide (4% aqueous solution, 2.12 mL, 85 
mg, 0.33 mmol). The flask was covered by aluminum foil and the reaction mixture 
was stirred at rt overnight. A solution of NaI04 (5.35 g, 25 mmol) in 5 mL of water 

was added to the above stirred reaction mixture. The resulting reaction mixtuie was 
10 stirred for 1 h at O^'C and 2 h at rt, followed by addition of 10 mL of ethyl acetate. The 
mixture was filtered through a celite pad and washed with ethyl acetate. The filtrate 
was washed 3 times with 10% aqueous Na2S203 solution until the color of aqueous 

phase disappeared. The organic phase was further washed with water and brine, dried 
(Na2S04) and concentrated. The aldehyde thus obtained was dissolved in 130 mL of 
15 ethanol-water (4:1, v/v). Sodium borohydride (NaBH4) (1.58 g, 40 mmol) was added 
in portions at 0°C. The resulting reaction mixture was stirred at rt for 2 h and then 
treated with 200 g of ice water. The mixture was extracted with ethyl acetate. The 
organic phase was washed with water and brine, dried (Na2S04) and concentrated. 

The resulted residue was purified by flash chromatography on a silica gel column 
20 using 2:1, 1:1 and 1:2 hexanes-EtOAc as eluents to give 1.6 g of 5'-0-(terr- 
butyldiphenylsilyl)-3 '-deoxy-3 '-(hydroxymethyl)-2'-0-(2-methoxyethyl)-5-' 
methyluridine as a white foam. 

'H^[MR (CDCI3): 5 1.09 (s, 9H), 1.50 (s, 3H), 2.25 (bs, IH), 2.52-2.78 (m, IH), 3.38 

(s, 3H), 3.52-4.25 (m, lOH), 5.86 (s, IH), 7.38-7.70 (m. IIH), 9.95 (bs. IH); 
25 NMR (CDCI3): 5 12.1, 19.5, 27.1, 43.1, 58.2, 58.8, 63.1. 69.5, 71.6, 82.3, 86.1, 89.8, 

110.5, 128.0, 130.2, 132.5, 133.2, 135.1, 135,3, 136.5. 150.5, 164.4; HRMS (FAB) 
m/z 569.268 (M + H)* (C3oH4iN207Si requires 569.268). 

Step D: 5'>0>aerr-ButvldiDhenvlsilvlV3'-deoxv~3'-aodomethvn-2^-Q-f2- 
30 methoxvethvn-5-methvluridine 

To a solution of 5'-0-(/err-butyldiphenylsilyl)-3'-deoxy-3'- 
(hydroxymethyl)-2'-0-(2~methoxyethyl)-5-methyluridine (1.34 g, 2.35 mmol) in 25 
mL of anhydrous DMF under stirring was added sequentially at 0°C 2,6-lutidine (0.55 
mL, 0.51 g, 4.7 mmol, 2.0 equiv) and methyl triphenoxy-phosphonium iodide (1.28 g, 
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2.83 mmol). The resulting reaction mixture was stirred at 0°C for 1 h and at rt for 2 h. 
The reaction mixture was diluted with 10 mL of ethyl acetate and washed twice with 
0.1 N Na2S203 aqueous solution to remove iodine. The organic phase was further 
washed with aqueous NaHCOs solution, water, and brine. The aqueous phases were 
5 back extracted with ethyl acetate. The combined organic phases weiB dried (Na2S04) 
and concentrated. The resulting residue was purified by flash chromatography on a 
silica gel column using 5:1, 3:1 and then 1:1 hexanes-EtOAc to provide 1.24 g of 5'- 
0-(<ert-buty]diphenylsilyl)-3 '-deoxy-3 '-(iodomethyl>2' -0-(2-methoxyethyl>5- 
methyluridine as a white foam. 

10 'h NMR (CDClj): 6 1.13 (s, 9H), 1.62 (s, 3H), 2.64-2.85 (m. 2H). 3.20-335 (m, IH). 
3.38 (s. 3H). 3.50-4.25 (m. 8H), 5.91 (s. IH), 7.32-7.50 (m, 6H), 7.60 (s, IH). 7.62- 
7.78 (m, 4H), 10.46 (s, IH); C NMR (CDCI3): 6 12.4, 19.5. 27.2, 45.0, 58.0, 62.5, 
70.3, 71.9, 83.3. 85.6, 88.9, 110.5, 128.1, 128J2. 130.1, 130.3. 132.4, 132.9, 135.0. 
135.4, 135.6, 150.7, 164.7; HRMS (FAB) m/z 679.172 (M + H)* (C^JS^JD^i 

15 requires 679.170). 

Step E: 3'-Deoxv-3'- fiodoniethvlV2'-0-f2-TTiethoxvethvlV5-methvlmidine 

A solution of 5 '-C>-(/ert-butyIdiphenylsiIyl)-3 '-deoxy-3 '-(iodomethyl)- 
2'-0-(2-methoxyethyl)-5-methyluridine (1.12 g, 1.65 mmol) and triethylamine 

20 trihydrofluoride (1.1 mL, 1.1 g, 6.7 mmol) in 20 mL of THF was stirred at rt for 24 h. 
The reaction mixture was diluted with 50 mL of ethyl acetate and washed with water 
and brine. The organic phase was dried (Na2S04) and concentrated. The residue was 
purified by flash chromatography on a silica gel column. Gradient elution with 2: 1, 
1 :2 and then 1:3 hexanes-EtOAc provided 504 mg of the title compound as a white 

25 foam. 

'h NMR (CD3OD): 5 1.87 (s, 3H), 2.47-2.75 (m, IH), 3.18-3.37 (m, 2H), 3.40 (s, 
3H). 3.59-3.70 (m, 2H), 3.71-3.90 (m, 2H), 3.92-4.17 (m. 4H), 5.87 (s, IH). 8.17 (s, 
IH); C NMR (CD3OD): 8 12.5, 45.2, 59.2, 60.9, 71.0, 72.9, 85.4, 87.3, 89.7, 110 J, 
138.0, 152.1, 166.6; HRMS (FAB) ni/z 441.053 (M + H)^ (C^^H^p^ requires 
30 441.052). 

StepF: 3'-Deoxv-5'-Q-r4-methox vtritvlV3'-rindomethvlV2'-0-r2- 

methoxvethvl)-5-methvluridinft 
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A mixture of 3'-deoxy-3'-(iodoniethyl)-2'-0-(2-inethoxyethyl)-5- 
methyluridine (472 mg, 1.1 mmol), diisopropylethylamine (0.79 mL, 0.586 g, 4.5 
mmol), andp-anisyl chlorodiphenyl methane (4'-methoxytrityl chloride, MMT-CJ) 
(1.32 g, 4.27 mmol) in 6 mL of ethyl acetate and 4 mL of THF was stirred at rt for 48 
h. The reaction mixture was diluted with ethyl acetate and washed with water, 
followed by brine. The organic phase was dried (Na2S04) and concentrated. The 
crude product was purified by flash chromatography on a silica gel column. Gradient 
eluUon with 3:1, 2:1, 1:1, and then 1:3 hexane^-EtOAc provided 690 mg of thetiUe 
compound as a white foam. 

'h ISMR (CDCI3): 6 1.46 (s. 3H). 2.70-2.89 (m. 2H), 3.19-3.31 (m, 2H). 3.39 (s. 3H). 

3.58-3.70 (m,3H), 3.80 (s,3H). 3.80-3.94 (m.lH), 4.05-4.25 (m,3H), 5.89 (s IH) ' 
6.85 (s, IH), 6.89 (s, IH), 7.24-7.48 (m. 12H), 7.78 (s. IH), 9.69 (s, IH); "c NMR ' 
iCOa^: 6 123. 45.3, 55.3, 58.9, 61.6, 70.2, 71.9, 82.6, 85.6. 87.1, 89.1, 110.5. 
113.4. 127.4, 128.2, 128.4. 130.5. 134.7. 135.3, 143.6. 143.7. 150.5. 158.9 164 6 
HRMS (FAB) m/z 735.155 (M + Na)' (C3,H3,INp,Na requires 735.154). ' 

3'-Deoxv-5--b-f4-methoxvtritvn- r-inethvl-2'.O.r7^niethoxvethvlV';. 
methvluridine 

A mixture of ammonium phosphinate (410 mg, 5.1 mmol) and 
1,1.1,33.3-hexamethyldisilazane (1.18 mL, 0.90 g, 5.59 mmol) was heated at 100- 
110°C for 2 h under nitrogen atmosphere with condenser. The intermediate 
BTSP(bisItrimethylsilyl]phosphinate) was cooled to O^C and 5 mL of 
dichloromethane was injected. To this mixture was injected a solution of 3'-deoxy-5'- 

0-(4-methoxytrityl)-3'-(iodomethyl)-2--0-(2-methoxyethyl>5-methyluridine (0.78 g. 
1.1 mmol) and diisopropylethylamine (0.39 mL, 287 mg. 2.23 mmol) in 7 mL of 
dichloromethane. After the reaction mixture was stirred at rt overnight, a mixture of 
THF-MeOH-NEt3 (3/6/0.3 mL) was added and continued to stir for 1 h. The reacUon 
mixture was filtered through a pad of celite and washed with dichloromethane. The 
solvent was evaporated and the residue was purified by flash chromatography on a ■ 
silica gel column using 2:1. 1:1. and then 1:2 hexanes-EtOAc as eluent providing 380 
mg of the title compound. 

'h NMR (CDCI3): 6 0.97 (d, 3H, / = 6.8 Hz), 1.41 (s. 3H), 2.35-2.55 (m, IH). 3.27 
(dd. IH. J = 1 1 .0. 3.0 Hz). 3.37 (s. 3H), 3.54-3.68 (m. 3H). 3.79 (s. 3H). 3.75-3 87 
(m. IH), 3.94 (d. IH. J = 5.0 Hz). 4.03-4. 16 (m. 2H). 5.84 (s. IH). 6.83 (s. IH). 6.87 
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(s, IH). 7.20-737 (m. 8H), 7.39-7.50 (m. 4H), 7.86 (s, IH), 9.50 (s, IH); "c NMR 
(CDQj): 6 8.7, 12.1, 35.6. 55.3, 59.0, 61.7. 69.8. 72.1, 85.4. 86.4. 86.7. 89.8, 110.0. 
113.3. 127.2. 128.0. 128.4, 130.4, 135.0, 135.7, 143.9, 150.5, 158.8, 164.6. 
HRMS (FAB) m/z 609.256 (M + Na)^ iS^^^A^^O^^ requires 609.257). 

5 . 

: 3'-Deoxv-3'-inethvl-2'-Q-f2-mP. thoxvethvn-5-n^ P.thYl»riHin^ 

Trifluoroacetic acid (1.5 mL) was added dropwise to a stined solution 
of3'-deoxy-5'-0-(4-inethoxytrityl).3^inethyl-2'-0-(2-methoxye%^^^ 
(370 mg, 0.63 mmol) in 50 mL of cMoroform at 0 "C. The mixture was stined at it 
10 for 30 min, concentrated, and then dissolved in ethyl acetate. The solution was 
washed with dUute sodium bicarbonate and biine. ITie organic phase was dried 
(Na2S04) and concentrated. The resulting residue was purified by flash 
chromatography on a silica gel column. Elution with 1:1, 1:3 and then 0:1 hexanes- 
EtOAc provided 170 mg of the tiUe compound as a white foam. 
HNMR (COaj): 5 1.03 (d. 3H. 7= 6.8 Hz), 1.83 (s, 3B). 2.20-2.40 (m, IH). 3.10- 
3.28 (m. IH), 3.35 (s, 3H). 3;50-4.15 (m. lOH). 5.81 (s, IH), 7.89 (s, IH), 9.77 (s, 
IH); C NMR (CDQ,): 5 8>9. 12.4, 34.7. 59.0. 60.6. 69.7. 72.0. 86.3, 89.8. 109.7, 
136.9, 150.4, 164.7. HRMS (FAB) m/z 315.154 (M + H)* (C^H^N^O, requires ' 
315.155). 

20 EXAMPLE ^fV 

2'-Amino-2'-deoxviiridinft 



15 




H(5 NHa 

This compound was prepared following the procedures described in J. 
25 Org. afm.61: 781 (1996). 



-94- 



wo 02/057425 



PCTAJS02/01531 



EXAMPLE 51 



3'-Deoxvi2ridine 




t>H 



This compound was obtained from commercial sources. 



EXAMPLE 52 



2'-C-Methvladenosine 



10 




This compound was prepared foUowing the conditions described in 
J.Med. Chem. 41: 1708 (19198). 



EXAMPLE 5^ 

15 



3'-Deoxvadenosine (^Coidvcep in) 
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OH 



This compound was obtained from comm^al sources. 



EXAMPLE 54 

5 

3 ' -Ainino-3 '-deoxyadenosine 



< 



NH 




This compound was prepared foUowing the conditions described in 
Tetrdtedron Lett. 30: 2329 (1989). 

10 



EXAMPLE 55 



8-Bromoadenosine 




HO OH 



15 



This compound was obtained from commercial sources. 
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EXAMPLE S6 



2'-0-Methvladenosine 




HO OMe 

This conqKjund was obtained fiom commercial sources. 



EXAMPLE';? 



10 3'-Deoxv-3'-flunmadftnrtQiTi^. 




<JLJ 

^ • 

F OH 

This compound was prepared following the procedures described in J. 
Med. Chem. 34: 2195 (1991). 

EXAMPLE 
6-Methvl-9-(6-D-ribQfur anosvlV9//-p nrinft 
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HO OH 



This compound was prepared foUovwng the procedures descri^ 
Nucleosides, Nucleotides, Nucleic Acids 19: 1123 (2000), 



EXAMPLR «;q 



2',3'^'-tri-0-acetvl-«-mft<hvlsnlfonv1aHPtinc;»i> 



NH2 
N 



Ac<5 bAc 



EXAMPT.R fin 

10 



l-MethYl-9- f?. 3 1-f ri-0-(p-toInovl)-B-D-rihof..n.nn.y l].Q;^ -Purine-finHV th.w 
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EXAMPLR 61 



4-Aminr>-7-(2-C-inethvl.B-D-arabiiiofijranosvlV7jy-Dvrrolbf2./^. 



idine 




HO Me 



10 



15 



lo cftromium tnoxide (1.57 g, 1.57 imnol) in dichloromethane (DCM) 
(10 mL) at CC was added acetic anhydride (145 mg, 1.41 mmol) and then pyridine 
(245 mg, 3.10 mmol). The mixture was stined for 15 min, then a solution of 7-[3,5- 

0-[14.3,3-tetrakis(l-methylethyl>l,3-disiloxanediyJ]-P-D-ribofiiranosyI]-7//- 
pyiTolo[2,3-cflpyrimidin-4-amine [for preparation, see J. Am. Chem. Roc. 105: 4059 
(1983)] (508 mg. 1.00 mmol) in DCM (3 mL) was added. The resulUng solution was 
Stirred for 2 h and then poored into ethyl acetate (10 mL), and subsequently filtered 
through silica gel using ethyl acetate as the eluent. The combined filtrates were 
evaporated in vacuo, taken up in diethyl ether/THF (1:1) (20 mL), cooled to -TS^C 
and methyhnagnesium bromide (3M, in THF) (3.30 mL, 10 mmol).was added 
dropwise. TTie mixture was stirred at -78°C for 10 min, tiien allowed to come to room 
temperature (rt) and quenched by addition of saturated aqueous aimnonium chloride 
(10 mL) and extracted witii DGM (20 mL). The organic phase was evaporated in 
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vacuo and the crude product purified on silica gel using 5% methanol in 
dichloromethane as eluent. Fractions containing the product were pooled and 
evaporated in vacuo. The resulting oil was taken up in THF (5 mL) and 
tetrabutylammonium fluoride (TBAF) on silica (1.1 nimoVg on silica) (156 mg) was 
added. The mixture was stirred at it for 30 min, filtered, and evaporated in vacuo. 
The crude product was purified on siUca gel. using 10% methanol in dichloromethane 
as eluent. Fractions containing the product were pooled and evaporated in vacuo to 
give the desired compound (49 mg) as a colorless solid. 

IH NMR (DMSO-rf^: 6 1.08 (s, 3H), 3.67 (m, 2H), 3.74 (m, IH), 3.83 (m. IH), 5.19 
(m, IH). 5.23 (m, IH), 5.48 (m. IH). 6.08 (IH, s), 6.50 (m, IH), 6.93 (bs, 2H), 7.33 
(m, IH), 8.02 (S, IH). 

- 

EXAMPLE 62 

15 4-Amino-7-(?,-r-methvl-B-D-Tihofiirann svlV7g-p viTnl nr2.3-^Dvrimidine 



10 




N 

\_ZcH3 

• » 

HO t)H 



SiSE^ 3,5-Bis-a(2.4-dichloronhenvl methvlV.1 -^-methvl-a-D-nhnfitranngP 

A mixture of 2-0-acetyl-3.5-bis-0-(2,4-dichlorophenyhnethyl)-l-0- 
methyl-a-D-ribofuranose [for preparation, see: Helv. Chim. Acta 78: 486 (1995)] 

20 (52.4 g, O.IO mol) in methanolic K2CO3 (500 mL, saturated at room temperature) was 
stirred at room temperature for 45 min. and then concentrated under reduced pressure, 
ilie oily residue was suspended in CH2CI2 (500 mL), washed with water (300 mL + 5 
X 200 mL) and brine (200 mL). dried (bimSO^), filtered, and concentrated to give the 
title compound (49.0 g) as colorless oil. which was used without further purification 

25 in Step B below. 

IH NMR (PMSO-do ): 5 3.28 (s. 3H. OCH3), 3.53 (d, 2H, 75.4 = 4.5 Hz, H-5a, H-5b), 
3.72 (dd. IH, J3.4 = 3.6 Hz. 73.2 = 6.6 Hz, H-3), 3.99 (ddd, 1H.72., = 4.5 Hz, 72.011-2 =' 
9.6 Hz. H-2). 4:07 (m, IH, H-4). 4.50 (s. 2H, CHzPh). 4.52, 4.60 (2d. 2H, 7ge.„ = 13.6 
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Hz, CHiPh), 4.54 (d, IH, OH-2), 4.75 (d, IH, H-1). 7.32-7.45, 7.52-7.57 (2m, lOH, 
2Ph). 

13c NMR (PMSO-d6) 5 55;40, 69.05, 69.74, 71.29, 72.02, 78.41. 81.45, 103.44. 
127.83. 127.95. 129.05. 129.28. 131.27. 131.30. 133.22. 133.26, 133.55, 133.67, 
5 . 135.45,135.92. 

3,5-Bis-Q-(2.4-dichloroph envlmethvlVl-Q-methvl-a-D-grvfftrQ- 
pentofuranos-2-ulose 

To an ice-cold suspoision of Dess-Martin periodinane (50.0 g, 1 18 
10 mmol) in anhydrous CH2CI2 (350 mL) under argon (Ar) was added a solution of the 
compound from Step A (36.2 g, 75 mmol) in anhydrous Okfiz (200 mL) dropwjse 
over 0.5 h. The reaction mixture was stirred at 0°C for 0,5 h and then at room 
tanperaturc for 3 days. The mixture was diluted with anhydrous EtzO (600 mL) and 
poured into an ice-cold mixture of Na2S203.5H20 (180 g) in saturated aqueous 
NaHCOs (1400 mL). The layers were separated, and the oiganic layer was washed 
with saturated aqueous NaHCOj (600 mL), water (800 mL) and brine (600 mL). dried 
(M^04), filtered and evaporated to give the title compound (34.2 g) as a colorless 
ofl, which was used without further purification in Step C below. 
IH NMR (CDCI3) 8 3.50 (s, 3^ OCH3). 3.79 (dd, IH, /sa^b = 1 1.3 Hz, /sm = 3.5 Hz, 
H-5a). 3.94 (dd, IH, y5b.4 = 2.3 Hz, H-5b), 4.20 (dd, IH, y,,, = 1.3 Hz. ^3,4 = 8.4 Hz. 

H-3), 4.37 (ddd, IH, H-4), 4.58, 4.69 (2d, 2H. /gem = 13.0 Hz, C^zPh), 4.87 (d. IH, 

H-1), 4.78. 5.03 (2d, 2H,/g™= 12.5 Hz, CHzPh). 7.19-7.26, 7 Jl-7.42 (2m, lOH. 
2Ph). 

13c NMR (DMSO-dtf) 5 55.72, 69.41, 69.81. 69.98. 77.49. 78.00, 98.54, 127.99. 
25 128.06, 129.33, 129.38, 131.36, 131.72. 133.61, 133.63, 133.85, 133.97, 134.72. 
135.32,208.21. 

SteEC: 3,5-Bis-0-('2.4-dich]oro phen vlmeth vl)-2-C-methvI- 1 -Q-methvl-«-D- 

ribofuranose 

3^ To a solution of MeMgBr in anhydrous EtaO (0.48 M, 300 mL) at 

-55 **C was added dropwise a solution of the compound from Step B (17.40 g, 36.2 
mmol) in anhydrous Et20 (125 mL). The reaction mixture was allowed to warm to 
-30°C and stirred for 7 h at -SO'C to -15°C, then poured into ice-cold water (500 mL) 
and the mixture vigorously stirred at room temperature for 0.5 h. The mixture was 

35 filtered through a Celite pad (10 x 5 cm) which was thoroughly washed with Et20. 
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The organic layer was dried (MgSO*), filtered and concentoited. The residue vvas 
dissolved in hexanes (-30 mL), applied onto a silica gel column (10 x 7 cm, 

prepacked in hexanes) and eluted with hatanes and hexanes/EtOAc (9/1) to give the 
title conqK)und (16.7 g) as a colorless syrup. 

5 IH NMR (CDCI3): 5 136 (d. 3H, /Me,oH = 0.9 Hz. 2C-Me), 3.33 (q. IH. OH). 3.41 (d, 

IH, J3A = 3.3 Hz). 3.46 (s, 3H, OCH3). 3.66 (d, 2H. 75.4 = 3.7 Hz, H-5a, H-5b), 4.18 

(apparent q, IH. H-4). 4.52 (s. IH. H-1). 4.60 (s, m CHiPh), 463, 4.81 (2d. 2H, 

= 13.2 Hz. CffzPh), 7.19-7.26. 7,34-7.43 (2m, lOH, 2Ph). 

13c NMR (CDCI3): 5 24.88. 55.45. 69.95, 7024. 70.88. 77.06, 82. 18, 83.01, 107.63. 
10 127.32. 12936, 130.01, 130.32, 133.68. 133.78. 134.13. 134.18, 134.45, 134.58. 

* ■ ■ . • • • ' . 

4-ChlQro-7-f3.5-bis-0-r2.4-rii r.hlorophenvliTiPthvlV2-C-methvi- p-n. 
ribofuranosvn-7g-pvrml or2.3-rf^p YriiniriinP. 

To a solution of the compound from Step C (9.42 g, 19 inmol) in 
15 anhydrous dichloromethane (285 mL) at 0°C was added HBr (5.7 M in acetic add, 20 
mL. 114 mmol) dropwise. llie resulting solution was stirred at 0°C for 1 h and then 
at room temperature for 3h, fcv^orated in vacuo and co-evaporated with anhydrous 
toluene (3 x 40 mL). The oily residue was dissolved in anhydrous acetonitrile (50 
mL) and added to a solution of sodium salt of 4-chloro-lif-pyrrolo[23-d]pyiimidine 
20 [for prisparation. see J. Chem. Soc.. 131 (I960)] in acetonitrile [generated in situ from 
4-chloro-liy-pyrrolo[23-^flpyrimidine (8.76 g. 57 mmol) in anhydrous acetonitrile 
(1000 mL). and NaH (60% in mineral oil. 2.28 g, 57 mmol). after 4 h of vigorous 

stirring at room temperature]. The combined mixture was stirred at room temperature 
for 24 h. and then evaporated to dryness. The residue was suspended in water (250 

25 mL) and extracted with EtOAc (2 x 500 mL). The combined extracts, were washed 
with brine (300 mL), dried over Na2S04, filtered and evaporated. The crude product 
was purified on a silica gel column (10 cm x 10 cm) using ethyl acetate/hexane (1 :3 
and 1:2) as the eluent. Fractions containing the product were combined and 
evaporated in vacuo to give the desired product (5.05 g) as a colorless foam. 

30 'H NMR (CDCI3): 5 0.93 (s, 3H, CH3). 3.09 (s, IH, OH). 3.78 (dd, IH. 75 .5- = 10.9 
Hz, Js-A = 2.5 Hz, H-5'), 3.99 (dd, IH. J5-.4 = 2.2 Hz. H-5"). 4.23-4.34 (m. 2H. H-3'. 
H-4'), 4.63. 4.70 (2d. 2H. Jg^ = 12.7 Hz. CffjPh). 4.71, 4.80 (2d, 2H, /g^ = 12.1 
m,CH2Pti), 6.54 (d, IH, , 75.6 = 3.8 Hz, H-5), 7.23-7.44 (m, lOH, 2Ph). 
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30 



C NMR (CDas): 5 21.31,69.10. 70.41. 70.77. 79.56. 80.41. 81.05, 91.1 1. 100.57 
1 18.21. 127.04. 127.46, 127.57. 129.73. 129.77. 130.57. 130.99. 133.51, 133 99 
134.33, 134J8, 134.74. 135.21.151.07. 151.15 152.47. 



rolor2.3- 



Mill 



lol) in 



5 Step E: 



4-ailom-7-( 2-C-methvl-p-D-ribofurannRY^V7f^-l 
rf1pYr|ThiHinft 

To a solution of the compound fiom St^ D (5.42 g, 8.8 _ 
dichloromethane (175 mL) at -78"'C was added boron trichloride (IM in 
dichloromethane, 88 mL, 88 mmol) dropwise. The mixture was stirred at -78°C for 
2.5 h. then at -30°C to -20»C for 3 h. The reaction was quenched by addition of 
methanol/dichloromethane (1:1) (90 mL) and the resulting mixture stined at -15°C 
for 30 min., then neutralized with aqueotis ammonia at 0°C and stin«d at room 
temperature for 15 min. The solid was filtered and washed witii C3l2a2MeOH (i/1. 
250 mL). The combined filbate was evaporated, and the residue was purified by flash 
chromatography over siKca gel using CH2CI2 and CHzaarMeOH (99:1. 98:2, 95:5 
and 90:10) gradient as die elUent to furnish desired compound (1.73 g) Li a colorless 
foam, which turned into an Amorphous solid after treatment with MeCN. 
IH NMR (pMSO^y 5 0.64 (s, 3H, CH3), 3.61-3.71 (m, IH. H-5'), 3.79^3.88 (m, IH, 
H-5"). 3.89-4.01 (m, 2H, H-3', H-4'). .5.15-5.23 (m. 3H. 2'-OH. 3'-OH, 5'-OH). 6.24 
(s. IH. H-l'). 6.72 (d, IH, 75,6 = 3.8 Hz, H-5), 8.13 (d, IH, H-6), 8.65 (s, IH, H-2) 

13c NMR (DMSO-45) 5 20.20, 59,95, 72.29, 79.37, 83.16. 91.53. 100.17. 117 63 
128.86. 15L13, 151.19. 151.45. 



)lor2.3- 



SteoF: 



4-Anuno- 7-f2-C-methvl-B-D-ribofiirano^lV7ff-i 
<flpY rimidinft ■ 

To the compound from Step E (1.54 g, 5.1 mmol) was added 
methanolic ammonia (saturated at 0°C; 150 mL). The mixture was heated in a 
stainless steel autoclave at 85°C for 14 h, tiien cooled and evaporated in vacuo. The 
crude mixture was purified on a siUca gel column witii CH2Cl2/MeOH (9/1) as eluent 
to give the tide compound as a colorless foam (0.8 g), wWch separated as an 
amorphous soKd after treatinent with MeCN. The amorphous solid was lecrystallized 
from methanol/acetonitrile; m.p. 222°C. 

IH NMR (DMSO-^): 5 0.62 (s, 3H, CH3). 3.57-3.67 (m. IH. H-5'). 3.75-3 97 (m 
3H. H-5». H-4'. H-3'). 5,00 (s. IH, 2'-0H), 5.04 (d, IH, /aw = 6.8 Hz, 3'-OH),' 
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5.06 (t, IH. Js'OH^'^" = 5.1 Hz, 5' -OH), 6.11 (s, IH. H-1 '), 6.54 (d, IH. /5.6 = 3.6 Hz. 
H-5), 6.97 (br s, 2H, MHz). 7.44 (d, IH, H-6), 8.02 (s, IH, H-2). 
13c NMR (DMSO^): 6 20.26, 60.42, 72.72. 79.30, 82.75, 91.20, 100.13, 103.08, 
121.96, 15037, 15233, 158.15. 
5 LC-MS: Found: 279.10 (M-H+); calc. for C12H16N4O4+H+: 279.11. 

EXAMPLE 6:^ 

4-AnMno-7-<3-deoxv-3-methvl-R-D.rihnfn ranosvlV7ff-pvrrolor23-JlnvriTTi.rii^ 
10 carboxamide 



H2NOC 



15 



20 



25 




♦ Me OH 

teA: 4-Amino-6-bromQ-7-r2-0-a^ qtvl-S-Q.beny.nYl.3-deoxv-3-TnftthYl- ^ 

ribofaranosvlV7g-nviTnlnr 9.3-Jlnvriniidin-5-carbonitrilft . 

BSA (0.29 mL, 2.0 mmol) was added into a stirred suspension of 4- 
amino-6-bromo-5K:yano-m-pyiroIo[23-ii]pyrimidine (0.24 g, 1 mmol; prepared 
according to Nucleic Acid Chemistry, Part IV, Townsend, L. h. and Tipson, R. S.; 
Ed.; Wiley-Intersdence: New York, 1991, pp. 16-17 and Synthetic Commun. 1998, 
28, 3835) in dry acetonitrile (10 mL) at room temperature under argon. After 15 min, 
l,2-di-0-acetyl-5-0-benzoyl-3-deoxy-3-niethyl-D-ribofmanose (J. Med. Chem. 
(1976), 19, 1265) (0,36 g, 1.0 mmol) was added along with TMSOTf (0.54 g, 3 
mmol). The mixture was stirred at room temperature for 5 min and then at 80'*C for 
0.5 h. The solution was cooled, diluted with ethyl acetate (50 mL) and poured into 
ice-cold saturated aqueous NaHCOj (15 mL). The layers were separated. The organic 
layer was washed with brine (15 mL), dried (N&2SO4) and then evaporated. The 
residue was purified on sihca gel column using a solvent-system of hexanes/ EtOAc: 
3/1. Appropriate fractions were collected and evaporated to provide the title 
compound as colodess foam (0.21 g). 
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Step B: 4-Aimno-7-f 2-0-acetYl-^-0-benzovl-3-deoxv-3-methYl-P -T^ 

ribofiiranosvlV7 g-Dvn'olor2.3 -^/|pYriniiHi n-5K^ 

• * 

To a suspension of the title compound from Step A (183 mg, 035 
mmol) in EtOH (9 mL) were added ammonium fonnate (0.23 g, 3.6 mmol) and 10% 
5 palladium on activated carbon (20 mg) and the mixturc was heated at reflux for 1 3 h. 
The hot reaction mixture was filtered through Celite and washed with hot EtOH, Hie 
solvent was removed and the residue treated with MeOH. The pale yellow solid was 
filtered thus yielding 105 mg of pure tide compound. The filtrate was evaporated and 
purified on a silica gel column with a solvent system of CHzCli/MeOH: 50/1 to afford 
10 an additional 63 mg of tide conq>ound as a white solid. 

Step C: 4-Aminn-7-( 3-deoxv-3-metfavl-6-D-ribofiiranQsvl)- 

7g-pvm)lor2.3-<flpvriTni din-5-carboxamide 
A mixture of the compound from Step B (51 mg, 0.12 mmol), 
15 ethanolic ammonia (5 mL, saturated at 0 "C), aqueous ammonia (5 mL, 30%) and 
aqueous hydrogen peroxide ^l mL, 35%) was stirred room tranperature for 8 h. The 
solution was evirated andkhe residue purified on silica gel column with a solvait 
system of CHaClT/MeOH: 10/1 to give the title compound as a white solid (28 mg). 
'H-MNR (CD3OD): 5 1.12 (d, 3H, 7= 6.8 Hz). 2.40 (m, IH), 3.76( dd, IH. Jj = 12.8 
20 Hz, 72 = 4.0 Hz), 3.94^.04 (m, 2H). 4.33 (d, IH, J = 5.4 Hz), 6.13 (s, IH). 8.11 (s, 
IH), 8.16 (s, IH). 



EXAMPI^64 




This compound was prepared following the procedures described in J. 
Med. Chem. 26: 25 (1983). 
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EXAMPLE 65 



4-Aminfw7-(P«r >>ribofuranosvI)-7g--pY iTo]op..^-i 
5 fSanp yamycin) 



imidine-S-carfaoxamide 



H2NOC 




HO OH 

This compound was obtained from commercial sources. 



EXAMPLE.66 



10 



1' 

7-(2-Q-methvl-B-D-ribofii ranQSvlV7J/-pvniolor2.-^./flDvriniidi 



HO 





N 



N 



15 



HO OMe 

This compound was prepared following the procedures described in J. 
Org. Chem. 39: 1891 (1974). 

EXAMPLE 67 



4-Aimno-7-r3-deoxv-3-fluoro-P-D-ri hofuranosvlV7/^pviTolor2.3-^P YriTnidinft-'>- 
cart)oxamide 
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H2NOC NH2 




N 



F OH 

This compound was prepared following the procedures described in 
ChenuPhamu Bull 41: 175 (1993). 

EXAMPLE 68 

* 

4-Amino-7-(3-deoxv-6-I>^riboftu3nosvlV7/^pvlTolo^23-gnDvri^^din6-5H:a^faonitrile 




DH 

This compound was prepared following the procedures described in /. 
10 Med: Cfee/n. 30:481 (1987). 

EXAMPLE 69 



4-Aimno-7-(2-Q-methvl- 6-D-ribofuranosvlV7g-pvirolor2.3-^pvrirDidine 




15 



H6 OMe 
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This compound was prepared foUowing the procedures described in 
Org. Chem. 39: 1891 (1974). 

EXAMPLE 70 
3'-Amino-3'-deoxv-2'-0-methvladeiinsinft 




10 



HgN OMe 

ITiis compound is obtained by the methylation of ^prqmately 
protected 3'-amino-3'-deoxy?idenosine derivative (Example 54). 



m • 



EXAMPLE 71 



4-Amino-7-G-deoxv-B-D-ribofuranosvlV7g-pvrrolor2.3-^nvrimiHinft 




OH 

TWs compound was prepared following the following procedure 
described in Can. J. Chem. 55: 1251 (1977). 

EXAMPLE 72 



20 General process to SATO prodrug moietv 
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S-Acyl-2-Thioethyl (SATE) pronucleotides arc discussed in CJl. 
Wagner. V.V. Iyer, and E J. Mclntee. "Pronucleotides: Toward the In Vivo Delivery 
of Antiviral and Anticancer Nucleotides," Med Res. Rev . 20: 1-35 (2000), which is 
incorporated by reference herein in its entirety. SATE derivatives of nucleosides are 
5 also disclosed U.S. Patent Nos. 5,770,725; 5.849,905; and 6,020.482, the contents of 
each of which are mcoiporated by reference herein m then: entirety. 

Bis(.S-acetvl-2-thioethv]VAr, Ar-diisoprQpvlphosDhoramtdite' 

2-Mercaptoethanol (5 g, 64 nunol) was dissolved ui CH2a2 (50 mL). 
10 To this solution was added trietiiylamme (7.67 mL. 57.6 nunol), and the reaction 

mixture was cooled in an ice badi to 0 °C. Acetic anhydride (4.54 mL, 48 mmol) was 
added dropwise in 10 min, and the reaction mixture was stined for 1 h at 0 "C. The 
reaction mixture was then allowed to come to room temperature over a period of 2 h. 
The reaction mixture was diluted with CH2CI2 (50 mL), washed with water (75 mL), 
5% aqueous NaHCOs (75 mL) and brine (75 mL). ITie organic phase was dried over' 
anhydrous Na2S04 and concentrated in vacuo to give an oil. The oil was then 
dissolved in anhydrous THfJ(40 mL) and anhydrous triethylamine (7.76 mL) was, 
added. To this mixture was added activated molecular sieves (4A) and was kept at 
room temperature for 10 min. The reaction mixture was cooled in an ice bath to 0"C 
and diisopropylphosphoramidous dichloride (6.47 g, 32.03 minol) was added. The 
reaction mixture was stirred at Q °C for 2 h under inert atmosphere. Hexane (40 mL) 
was added to the reaction mixture and the precipitate formed was filtered. The filtrate 
was concentrated to one fourth of the volume, purified by loaded siHca gel column 
chromatography and eluled with hexane containing 3 % triethylamine and incremental 
25 amount of ethyl acetate (0 to 7 %) to give the tide compound as an oil (2.36 g). 
'H NMR (CDCI3): 61.17 (s. 6H), 1.21 (s, 6H), 2.36 (s. 6H), 3.14 (t. J = 6.44 Hz). 
3.51-3.84 (m, 6H); "C NMR (CDCI3): 5 24.47, 2*.61, 30.48, 42.85. 43.1, 61.88. 
62.23, 195.26; "P NMR (CDQa): 5 146.96. 

30 EXAMPLE 73 

2'rQ-Methvlguanosine-5'-n?is-f.9-acetv1-2-thioethvnDhn.«tnhate1 



20 
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\_7 



HO OMe 



10 



15 



20 



25 



Step A: 



a)-2'-0-methvlgManosine.5'-l 



f4-inonometho x' 
thioethvnphosphate] 

A^(4-monomethoxytrityl)-2'-0-methylguanosine (0.74 g, 1.31 mmol) 
was mixed with IH-tetrazole (0.061 g, 0.87 mmol) and dried over P2O5 in vacuo 
ovemighL To this mixture was added anhydrous acetonitrile (8 mL). To the turbid 
solution, bis(5-acetyl-2-thioethyl)MiV-diisopropyIphosphoramidite (03 g, 0.87 mmol) 
was added slowly and ihe reaction mixture was stiired at ambient temperature under 
inert atmosphere for 2 h. Solvent was removed in vacuo. The residue was cooled to - 
AQPC and a solution of 3-ch|oroperbenzoic acid (0.2 g) in CH2CI2 (7 mL) was added. 
The solution was allowed to^aim up to room temperature over 1 h. Sodium 
hydrogensulfite (10% aqueous solution, 2 mL) was added to reduce the excess of 3- 
chloroperbenzoic acid. The organic phase separated, diluted with CTaCfe (20 mL), 
washed with saturated aqueous NaaCOj (10 mL), water (10 mL), dried over Na2S04 
and evaporated to dryness. The residue was purified by silica gel column 
chromatography and eluted with CH2CI2 containing incremental amount of MeOH (5 
to 10 %) as eluent to yield the title compound (0.36 g) as a foam. 
'H NMR 0MSO-d6): 5 2.35 (s. 6H), 2.97 (s, 3H), 3. 1 1 (t, 4H. 7 = 6.0 Hz), 3.5 (m, 1 
H), 3.74 (s, 3H), 3.72-3.83 (m, 2H), 3.97-4.11 (m, 6H), 5.1 (d, IH, / = 6.4 Hz), 5.29 
(d. IH. / = 3. 1 Hz), 6.89 (d, 2H, J = 8.8 Hz), 7.1 5-7.37 (m, 12H), 7.68 (s, IH). 7.73 
(s, IH). 10.72 (s, IH); "c NMR (CDaj): 6 30.36, 55.38, 57.99, 66.08, 66.19, 67.22, 
69.15, 70.49, 81.18, 81.57, 86.64, 113.04, 117.99, 126.66, 127.71, 128.67, 130.04. 
136.09, 136.56. 144.51. 144.82. 149.52. 151.29. 158.15, 194.56; NMR (CDCI3): 6 
-2.04; MS (API-ES) 852.10 [M-H]*. 



Step B: 



2'-Q-methvlguanosine-5 '-rbis-f.y-acetvl-2-thioethvnDhosp hate1 

iV^(4-monomethoxytrityl>2'-0-methylguanosine-5'-[bis-(5-acetyl-2- 
thioethyl)phosphate] (0.2 g, 0.23 mmol) was dissolved in acetic acid : MeOH : H20, 3 
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: 6 : 1 and heated at 55 °C for 24 h. Solvent was removed and the residue was purified 
by HPLC on reverse phase column (Hamilton PRP-1, 250 x 22 mm, A= Acetonitrile, 
B = H2O 20 tolOO B in 65 min, flow 10 mL min"^). Fractions containing the product 

were pooled together and evaporated to give the title compound (40 % yield). 
5 NMR (CDCI3): 8 -0.72; MS (API-ES) m/z 582.1 [M+H]^ 

EXAMPLE 74 

* 

2'-Q-Methvl guanosuie-5'-n)is-f^-Divalovl-2-thioethvnphosphate1 



O 




Step A: Bis(5-pivalovl-24hioethvlVM//-diisopropvlphospharamidite 

5-piyaloyl-2-thioethanol (6.3 g, 39.6 mmol) was dissolved in 
anhydrous THF (100 mL). To this solution was added activated molecular sieves 
(4A°) and kept at room temperature for 30 min. Anhydrous triethylamine (7.9 mL, 

15 59.4 mmol) was added and the reaction mixture was cooled in an ice. bath to 0 ^C. To 
this mixture diisopropylphosphoramidous dichloride (4 g, 19.8 mmol) was added 
dropwise. The mixture was stirred the reaction mixture at O^C for 2 h under inert gas 
atmosphere. Hexane (100 mL) was added to the reaction mixture, and the precipitate 
formed was filtered. The filtrate was concentrated to one fourth of the volume. This 

20 was purified by flash silica gel column chromatography using hexane containing 2% 
triethylamine and incremental amount of ethyl acetate (0 to 3 %) as eluent to give the 
title compound as an oil (5.23 g). 

NMR (CDQa): 8 1.13-1.31 (m, 30 H), 1.21 (s, 6H),-3.09 (t, J = 6.6 Hz, 4H), 3.51- 
.3.84 (m, 6H); '"C NMR (CDCI3): 5 24.47, 24.61, 27.32, 30.00. 42.85, 43.1, 46.32, 

25 61.98, 62.33, 206.1; NMR (CDCI3): 6 148.51. 



StepB: 2^0-methvl ^anosine-5^rbis-(j:-pivalovl-2-thioethvnphosDhatel 
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iV^K4-monomethoxytiityl)-2'-0-.methyIguanosine (0.6 g, 1.05 mmol) 
was mixed with IH-tetrazole (0.05 g, 0.7 nnnol) and dried over P2O5 in vacuo 
overnight. To this mixture anhydrous acetonitrile (13.8 mL) was added. The reaction 
mixture was cooled to 0°C in an ice bath and bis(5-pivaloyl-2-thioethylVy;//- 
5 diisopropylphosphoramidite (032g, 0.7 nmiol) was added slowly. The reaction 
mixture was stirred at 0**C for 5 minutes. The ice bath was removed and the reaction 
mixture was allowed to stir at room temperature under an inert atmosphere for 2 h. 
Solvent was removed in vacuo. The residue was cooled to -40 °C and a solution of 3- 
chloroperbenzoic acid (0.24 g, L4 mmol, 57-80 %) in CHjaz (10 mL) was added 

10 The solution was allowed to warm up to ~10°C over 1 h. Sodium hydrogensulfite 

(10% aqueous solution, 10 mL) was added to reduce the excess of 3-chIoropeibenzoic 
add. Th& organic phase separated, diluted with CH2a2 (50 mL), washed with 
saturated aqueous Na2C03 (40 mL), water (40 mL), dried over Na2S04 and 
evaporated to dryness. The residue was chromatographed on a flash silica gel column 

15 using a CH2CI2 containing incremental amoimt of MeOH (0 to 5 %) as eluent 

Practions containing the product were pooled together and evaporated. The residue 
was dissolved in a solution of acetic acid/water/ methanol (10 mL, 3 : 1 : 6) and 
heated at 55 "^C for 24 h. Evaporated the solution in vacuum to get an oil. The oil was 
dissolved in 20% MeOH in water and purified by HPLC on C«18 column (Luna C-18, 

20 250 X 2. 12 mm, A = water, B = acetonitrile; 20 to 10 % B in 65 min., flow 10 mL 
min ■^ X 260 nm) to yield the tide compound (0.082 g). 

NMR (DMSO-^): 51.18 (s, 18H), 3.08 (m, 4H), 3.33 (s, 3H) 3.94-4.10 (m, 6.H). 
4. 14-4.21 (m, 2H), 4.29 (m, IH), 5.42 (d, IH, / = 5.4 Hz), 5.81 (d, IH, / = 5.8 Hz), 
6.49 (bs, 2H), 7.86 (s, IH), 10.66 (bs, IH); ^^P NMR ( DMSO-^i^): 5 -0.71; MS (API- 

25. ES) m/z 664.2 [M-H]\ 

EXAMPLE 75 

8->Bromo-2^-0-methvlguanosin e-5'-fbis-f.y-pivalovl-2-thioethvnphosphatel 
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O 



10 




II 



-A. A 



N NH 



HO OMe 



This compound was synthesized according to the procedure used for 
the synthesis of Example 74 starting with 8-broma-iS^-(4-monomethoxytd[tyl)-2'-0- 
methylguanosine (0.46 g, 0.63mmol). Other reagents used were IH-tetrazole (0.034 g, 
0.49 mmol), bis(5:-pivaloyl-2-tWoethyl)iV;jVKiiisopropylphosphoramidite (0.22 g, 0.49 
mmol), acetonitrile (83 ml), 3-chloropeibenzoic acid (0.17 g, 0.98 mmol, 57-80 %) in 
CH2CI2 (4 mJL). Hie tide compound was isolated in 13 % yield (0.061 g). 
'hnMR (DMSCM,): 5 1.14 and 1.16 (m, 18H), 3.06 (m. 4H), 3.32 (s, 3H) 3.96-4.06 
(m, 5H). 4.18-43 (m, 2H), 4^46 (d, IH, /= 2.4H2), 4.66 (t, IH, 7= 2.6 Hz), 537 (d, 
IH, 7 = 2.6 Hz). 5.78 (d, lU- J = 2.8 Hz), 6.62 (bs, 2H), 10.99 (bs, IH); »^ NMR 
(PMSO-de) 6 -0.79; MS (API-ES) m/z 742.13 and 744.13 [M-HJ*. 



EXAMPLE 76 

15 2-Amino-3.4-dihvdro-7-f 2-0-methvl-P-D-ribofuranosvl)-4-QXo-7ff- 
rf}pvrimidine-5'-r his-(.y-pivalovI-2-thioethvl)phosphatel 



20 



:olor23- 




This compound was synthesized according to the procedure used for 
the synthesis of iExample 74 starting widi 7-deaza-i\^-(4-monomethoxytiityl)-2'-0- 
methylguanosine (0.47 g, 0.82 mmol). Other reagents used were IH-teHazole (0.044 
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g, 0.63 mmol). bis(5-pivaloyl-2-thioethyl)^;iV-diisopIopylpbosphoIa^llidite (0^9 g, 
0.63 mmol), acetonitrile (11 mL), 3-chloroperbenzoic acid (0.21 g, 1.26inmol, 57-80 
%) in CH2Cl2(5.2 mL), The title compound was isolated in 29% yield (0.158 g). 
'HNMR (PMSO-de): 5 1.14 (s, 18H). 3.06 (m. 4H), 3.31 (s, 3H) 3.96^.26 (m, 9H). 
5.35 (d. IH, J = 2.6 Hz), 5.78 (d. IH, / = 5.2 Hz), 5.99 (d, IH, 7 = 6.6 Hz), 6.27 (m, 
3H), 6.86 (d, IH, / = 3.6 Hz), 10.39 (s. IH); NMR (DMSO^): 5 -0.72; MS (API- 
ES) m/z 66320 [M-H]'; HRMS Calcd for C26H42N40,oPS2 665.2074 fouhd 665.2071. 



EXAMPLE 77 



3'-Deoxvgtianosine-5'-f bis-(.S-pivalovl-2-thioetliYl)Dhosphate1 




OH 



N -(4-Monomethoxytrityl)-3'-deoxyguanosine (0.20 g, 0.35 mmol) 
was mixed with IH-tetrazole (0.019 g, 0.27 mmol) and dried over P2O5 in vacuo 

15 ovemighL To this mixture anhydrous acetonitrile (4.7 mL) was added to give a tuibid 
solution. The reaction mixtrae was cooled to (fC in an ice bath and bis(iS'-pivaloyl-2- 
thioethyl)A/,iV-diisopropylphosphoramidite (0.12g, 0.27 mmol) was added slowly. The 
reaction mixture was stirred at 0°C for 5 minutes. The ice bath was removed and the 
reaction mixture was allowed to come to room temperature. The reaction mixture was 

20 stirred at room temperature under an inrat gas atmosphere for 2 h. Solvent was 
removed in vacuo. The residue was cooled to -AO^C and a solution of 3- 
chloroperbenzoic acid (0.12 g, 0.7 mmol, 57-80 %) in CH2CI2 (2.2 mL) was added. 
The solution was allowed to warm up to -10 °C over 1 h. Sodium hydrogensulfite 
(10% aqueous solution, 2 mL) was added to reduce the excess of 3-chloroperbenzoic 

25 acid. TTie organic phase was separated, diluted with CH2CI2 (30 mL), washed with 
saturated aqueous Na2C03 (20 mL), water (20 mL), dried over Na2S04 and 
evaporated to dryness. The residue was chromatographed on a flash silica gel column 
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using CH2CI2 containing incremental amount of MeOH (0 to 5 %) as eluenL Ractions 
containing the product were pooled and evaporated. The residue was dissolved in a 
solution of acetic acid/water/ methanol (5 mL, 3 : 1 : 6) and heated at 55 for 24 h. 
Evaporated the solution in vacuum to get an oil. The oil was dissolved in 20% MeOH 
5 in watCT and purified by HPLC on C-18 column (Luna C-18, 250 X 2.12 mm, A = 
water, B = acetonitrile, 20 to 10 % B in 65 min., flow 10 mL min ', X 260 nm) to yield 
the title compound (0.027 g). 

'HNMR (DMSO^): 5 1.15 (s, 18H), 1.92-2.01 (m, IH). 2.17-2.28 (m, IH), 3.04 (t, 
4H, /= 6.2 Hz). 3.91-4.23 (m, 6 H). 437-4.55 (m, 2H). 5.67 (m, 2H). 6.45 (bs. 2H), 
10 7.75 (s, IH), 10.61 (s, IH); NMR (pMSO-de): 6 -0.75; MS (API-ES) m/z 634 2 
[M-H]-. 



EXAMPLE 78 



2-Amino-7-(3-deoxv-fi-D-ri bof^ranosvlV3.4-dihvdm-4-oxo-7J7-pvrmlnp ■,^ 
<flPVrimidine-5'-rbis-f.'?-piv alovl-2-thinethvl>Dhosn hate.1 




2-(4-MonomethoxytrityI)amino-7-(3-deoxy-p-D-ribofuianosyl)-7jy. 
pyrrolo[2,3-iflpyrimidin-4(3fl)-one (0.30 g. 0.52 mmol) was mixed with IH-tetrazole 

20 (0.028 g, 0.40 mmol) and dried over P2O5 in vacuo overnight To this mixture 

anhydrous acetonitrile (7 mL) was added, and the solution was cooled to 0 °C in an 
ice bath. Bis(5-pivaloyl-2-thioethyl)-MiV-diisopn)pylphosphoramidite (0.18 g, 0.40 
minol) was added slowly. The reaction mixture was allowed to come to at room 
temperature and stirred at room temperature under an inert atmosphere for 2 h. The 

25 solvent was removed in vacuo. The residue was cooled to -40°C, arid a solution of 3- 
chloroperbenzoic acid (0.14 g, 0.8 mmol, 57-80 %) in CHzQz (5 mL) was added. The 
solution was allowed to wann up to -10 "C over 2 h. Sodium hydiogensulfite (10 % 
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aqueous solution, 5 mL) was added to reduce the excess of S-chloioperbaizoic acid. 
The organic phase was separated, diluted with CH2CI2 (50 mL), washed with 
saturated aqueous Na2C03 (40 mL), water (40 mL), dried over Na2S04 and 
evaporated to dryness. The residue was chromatographed on a flash silica gel colunm 
using CH2CI2 containing incremental amount of MeOH (0 to 5 %) as eluent tractions 
containing the product were pooled and evaporated. The residue was dissolved in a 
solution of acetic acid/water^ methanol (10 mL, 3 : 1 : 6) and heated at 55 °C for 24 h. 
The solution was evaporated to give an oil. The oil was dissolved in 20% MeOH in 
water and purified by HPLC on C-18 column (Luna C18,250 X 2.12 mm, A = water, 
B = acetonitrile 20 to 10 % B in 65 mL. flow 10 mUndn, k 260 nm) to give the title 
compound (0.053 g). 

'H NMR (DMSO-^): 5 1.16 (s, 18H), 1.91-2.01 (m. IH), 2.17-2.25 (m, IH). 3.05 (t. 
4H, 7= 6.2 Hz), 3.92-4.2 (m. 6 H), 4.35 (bs, 2H), 5.56 (d, IH, 7 = 4.2 Hz), 5.86 (d, 
IH. 7= 2.4 Hz), 6.24 (m, 3H), 6.77 (d, IH, / = 3.6 Hz), 10.36 (s, IH); '^P NMR 

(DMS0-4s): 5 -0.89; HRMS (MALDI) Calcd for C25H39N4O9PS2.635.I969 found 
635.1964. 



EXAMPLE 79 

20 2-Amino-5-bromo-7-G-d eoxv-B-I>-ribofuranosyn-3.4-dihvdro-4-nxn -7W- 
gnpvrimidine-5'-r bis-(.S-pivalovl-2-thioedivl)pbosphatel 




>M23- 



25 



2-(4-Monomethoxytrityl)alnino-5-bromo-7-(3-deoxy-P-D- 
ribofuranosyl)-7f?-pyrrolo[2,3-4]pyrimidin-4(3fl)-one (0.066 g, 0.17 mmol) was 
mixed with imidazole inflate (0.017 g, 0.17 mmol) and dried over PjOs in vacuo 
overnight To this mixture anhydrous acetonitrile (7 mL) and bis(5-pivaloyl-2- 
thioethyl)/V;iV-diisopropylphosphoramidite (0.97 g, 0.24 imnol) were added slowly. 
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The reaction mixture was stirred undear an inert atmosphoe for 18 h. Solvent was 
removed in vacuo. The residue was.cooled to - 40°C and a solution of 3- 
chloroperbcnzoic acid (0.059g, 0.34 mmol, 57-80 %) in CH2CI2 (2 mL) was added. 
The solution was aUowed to warm up to -10 °C over 2 h. Sodium hydrogensulfite (10 
5 % aqueous solution. 5 mL) was added to reduce the excess of B-chloroperbenzoic 
acid. Tlie organic phase was separated, dUuted with CH2GI2 (30 mL), washed with 

saturated aqueous NajCOa (20 mL)i water (20 mL), dried over Na2S04 and 
evaporated to dryness. The residue was chromatogtaphed on flash silica gel colunm 
usmg CH2CI2 containing incremental amount of MeOH (0 to 5 %) as eluenL Fractions 

1 0 containing the product were pooled and evaporated. The residue was dissolved in a 
solution of acetic acid/water/ metiianol (3 mL, 3 : 1 : 6) and heated at 55 "C ftjr 24 h. 
The solution was evaporated to give an oil. The oil was dissolved in 20% MeOH in 
water and purified by HPLC on C-18 column (Luna C18,250 X 2.12 mm, A = water, 
B = acetonitrile 20 to 10 % B in 65 mL. flow 10 mL min '. A, 260 ran) to afford the 

15 title conqiound (0.036 g). 

NMR (DMSO-^fe): 8 1.17 (s, 18H), 1.87-2.03 (m, IH), 2.17-2.26 (m, IH), 3;05 (t, 
4H. J = 6.4 Hz), 3.92-4.2 (nij 6 H). 4.37 (bs, 2H), 5.70 (d, IH, / = 4.4 Hz), 5.85 (d, 
IH, 7 = 2.6 Hz), 6.36 (bs, 2H), 6.93 (s, IH), 10.51 (s, IH);. "P NMR (DMSO-d6): 6 - 
0.89; MS (AP-ES) m/z 711.11 and 713.09 [M-H]"; HRMS (MALDI) Galcd for 

20 C25H38BrN4O9PS2.7i3.lO74 and 715.1074 found 713.1081 and 715.102. 

EXAMPLE 80 

2'-Q-Methvlcvtidine-5'-rbi. s-(5^-pivalovl-2-thioethvl1p hnsphflte1 



25 




-(4,4'-DimethoxytrityI)-2'-0-methylcytidine (0.49 g, 0.86 mmol) 
was mixed witii IH-tetrazole (0.06 g, 0.86 mmol) and dried over PjOs in vacuo 
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overnight. To this mixture anhydrous acetonitrile (6 mL) and bis-(5-piva]oyl-2- 
thioethyl>MAr-diisopropylphosphoramidite (039 g, 0.86 mmol) were added at 0 °C. 
The reaction mixture was allowed to come to room temperature and stirred under an 
inert atmosphere for 18 h. Solvent was removed in vacuo. The residue was cooled to 
-40''C and a solution of 3-chloroperbenzoic add (0.3g. 1.72 mmol. 57-80 %) in 
CH2CI2 (5.5 mL) was added. The solution was allowed to warm up to -lO^C over 2 h. 
Sodium hydrogensulfite (10 % aqueous solution. 5 mL) was added to reduce the 
excess of S-chloroperbenzoic acid. The organic phase was separated, diluted with 
CHaaz (30 mL), washed with saturated aqueous NazCOs (20 mL), water (20 mL). 
dried over NajSO* and evaporated to dryness. The residue was chromatographed on a 
flash silica gel column using CH2CI2 containing incremental amount of MeOH (0 to 
10 %) as eluent. Fractions containing the product were pooled and ev^mrated. The 
residue was dissolved in a solution of acetic acid/water/ meUianol (10 mL, 3 : 1 : 6) 
and heated at 55''C for 24 h. The solution was evaporated to give an oU. The oil was 
dissolved in 20 % MeOH in wata: and purified by HPLC on C-18 column (Luna 
CI 8,250 X 2.12 mm, A = water, B = acetonitrile 20 to 10 % B in 65 ML, flow 10 mL 
min"' , X 260 nm) to yield the title compound (0.076 g). 

'HNMR (DMS0-d6): 5 1.18 (s, 18H), 3.12 (t, 4H. /= 6.4 Hz), 3.39 (s, 3H), 3.69 (t, 
IH, / = 4.2 Hz), 3.93-4.3 (m, 8H), 5.29 (d, IH, 7 = 6.2 Hz), 5.72 (d, IH, 7 = 7.4 Hz), 
5.86 (d, IH, y = 4 Hz), 7.21 (bs, 2H), 7.58 (d. IH, 7= 7.4 Hz); "P NMR (CD3CN): 5 - 
0.64; MS (APrES) m/z 625.69 [M+H]*; HRMS (MALDI) Calcd for 
C24H4oN30ioPS2Na 648.1785 found 648.1804. 



25 



EXAMPLE 81 



5-Bromo-2'-0-methvlcvtidine-5'-fbis-f.'?-pivalovl-2-thinp.thvlV^hn«. 





HO OMe 
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Step A: 5-Bromo-3'-r)-ft-butvldimftf hvl)sUvl-2'-0.niethvlcvtidine 

2'-0-Methylcytidine (1.5 g, 5.83 mmol) was mixed with imidazole 
(3.97 g, 58.32 mmol) and dried in vacuo. This mixture \was dissolved in anhydrous 
DMF (4 mL) and t-butyldimethylsilyl chloride (4.41 g, 29.25 mmol) was added and 
the reaction mixture was stirred for 18 h at room temperature unda- an inert 
atmosphere. Reaction mixture was diluted with water (100 mL) and extracted with 
ethyl acetate (2 x 60 mL). The organic phase was dried over anhydrous N^04 and 
evaporated. The residue was purified by silica gel column chromatogr^hy and eluted 
with ethyl acetate/hexane, 6 : 4. Rractions containing the product were pooled and 
evaporated. The product obtained (2.76 g) was dissolved in acetonitrile (19.43 mL), 
liBr (0.623 g, 7.18 mmol) and stirred to get a clear solution. To this ammonium caic 
(IV) nitrate (6.24 g, 1 137 riunol) was added and die reaction mixture was allowed to 
stir at room temperature for 3 h. Solvent was removed in vacuum. The residue 
obtained was taken in efliyl acetate (100 mL) and washed with water (80 mL). The 
organic phase was separated, dried over anhydrous Na2S04 and evaporated. Residue 
purified by silca gel colunm^chromatography and eluted with 5 % MeOH in CH2CI2. 
The product obtained (2.66 ^ was dissolved in 80 % acetic acid in water and heated 
at 50°C for 6 h. The solvent was removed and the residue purified on a silica gel 
column and eluted with 5 % MeOH in CH2CI2 to give the title compound (0.85 g). 
•h NMR CDMSO-d«): 6 0.78 (s, 6H), 0.85 (s, 9H), 3.31 (s. 3H), 3.44-3.6 (m, 2H), 
3.69-3.9 ( m, 2H). 4.24 (m, IH), 5.29 (t, IH, J = 4.4 Hz), 5.76 (d, IH, 7 = 3.2 Hz), 
7.06 (bs,lH). 7.88 (bs, IH), 8.39 (s, IH). 



25 



30 



35 



StepB: 5-Bromo-2'- 0-methvlcvtidlne-5'-rhis-(5-pivalovI-2- 

thioethvDphosphatel 

5-Bromo-3'-C?-(t-butyldimethyl)silyl-2'-0-methylcytidme (0.093 g, 
0.21 mmol) was mixed with IH-tetrazole (0.03 g, 0.42 mmol) and dried over P2O5 in 
vacuo overnight. To diis mixture anhydrous acetonitrile (2 mL). Bis-(5-pivaloyl-2- 
thioethyl)-;V,jV-diisopropylphosphoramidite (0.2 g, 0.42 mmol) was added at 0 "C. The 
reaction mixture was allowed to come to room temperature and stined under an inert 
atmosphere for 4 h. Solvent was removed in vacuo. The residue was cooled to - 40 
and a solution of 3-chloroperbenzoic acid (0.072g, 0.42 mmol, 57-80 %) in CH2a2(2 
mL) was added. The solution was allowed to warm up to -10 °C over 2 h. Sodium 
hydrogensulfite (10 % aqueous solution, 2 mL) was added to reduce the excess of 3- 
chloroperbenzoic acid. The organic phase separated, diluted with CH2a2 (30 mL), 
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washed with saturated aqueous NaaCOj (20 mL), water (20 mL), dried over Na2S04 
and evaporated to dryness. The residue was dissolved in THF (2. 1 mL) and 
teiethylamine trihydrofluoride (0.17 g, 1.1 mmol). The reaction mixture was stirred at 
room temperature for 18 h. The solution was evaporated to give an oil. The oil was 
5 dissolved in ethyl acetate (30 mL) and washed with water (20 mL), 5% aqueous 

NaHCCb and brine (20 mL). The organic phase was dried over anhydrous Na2S04 and 
evaporated. The residue was dissolved in 20 % MeOH in water and purified by HPLC 
on C-18 column (Luna C18, 250 X.2.12 mm, A = water, B = acetonitrile 20 to 10. % B 
in 65 mL, flow 10 mL min"' , X 260 nm) to give the title compound (0.054 g). 

10 'HNMR(DMSO-^):8l.l7(s.l8H),3.11(t,4H,7=6.2Hz),3.39(s.3H),3.75(t. 
IH, y = 4.8 Hz). 3.93-4.3 (m. 8H), 5.23 (d, IH. /= 6.4 Hz). 5.8 (d, IH. 7 = 3.8 Hz). 
7.07 (bs. IH), 7.89 (s, IH) 7.94 (bs, IH); NMR (CD3CN): 6 -034; MS (AP-ES) 
m/z 702.00 and 704.00 [M-H]-; HRMS (MALDl) Calcd for C24H35BrN30,oPS2Na 
726.0890 and 728.0890 found 726.0893 and 728.086. 



15 



20 



EXAMPLE 82 



t 



3'-Deoxvcvtidine-5'-rbis-r.y -pivalQvl-2-thioethvl>p hnsphatP.1 




Step A: 7tf^-a.4'-riim ethoxvtritvlV3'-deoxvcvtiriinft 

3'-Deoxycytidine (0.8 g, 3.54 mmol) was mixed with imidazole (2.41 
g, 35.4 mmol) and dried over P2O5 in vacuum overnight at 40°C. The mixture was 
dissolved in anhydrous DMF and Nbutyldimethylsilyl chloride (2.68 g, 17.78 mmol) 
25 was added and the reaction mixture was stirred under an argon atmosphate for 1 8 h at 
room temperature. The reaction mixture was diluted with water (100 mL) and 
extracted with ethyl acetate (2 x 75 mL). The organic phase was separated, dried over 



-120- 



wo 02/057425 PCr/US02/01531 



anhydrous Na2S04 and evaporated. The reddne was purified by silica gel column 
chromatography and eluted with ethyl acetate/hexane (6 : 4) to yield 2',5'-bis(t- 
buty]dimethy]silyl)-3'-deoxycytidine (1 .27 g). This was then mixed with DMAP (0.34 
g, 2.79 mmol) and dried in vacuum. This mixture was dissolved in anhydrous pyridine 

5 (8 niL) and 4,4'-dimethoxytrityl chloride (1.89 g, 5.58 mmol) was added. The reaction 
mixture was stirred at room temperature under an argon atmosphere for 18 h. Solvent 
was removed in vacuo. The residue obtained was taken in ethyl acetate (100 mL) and 
washed with 5 % NaHCOj in water (75 mL) and brine (75 ml). Theoiganic phase was 
dried over anhydrous Na2S04 and evaporated. Hie residue obtained was dissolved in 

10 THF (28 mL). To this triethylamine trihydrofluoride (2.26 mL, 13.74 mmol) and 
triethylamine (0.95 mL, 6.87 mmol) Were added and stirred at room temperature for 
18 h. Solvent was removed and the residue dissolved in ethyl acetate (50 mL), washed 
with water (50 mL) and 5% NaHCOs in water (50 mL). The organic phase was dried 
over anhydrous Na2S04 and evaporated. The residue obtained was purified by silica 

15 gel column chromatography and eluted with 5 % MeOH in CH2CI2 to jdeld the title 
compound (0.66 g). * 

'H NMR (DMSO^fe): 5 1.66 (m, IH). 1.85 (m. IH), 3.47 (m, IH). 3.63 (m. IH), 3.71 
(s. 6H), 4.00 (bs, IH). 4.19 (in. IB), 4.96 (t. IH, / = 5.2 Hz). 5.39 (bs, IH), 5.53 (s, 
IH), 6.17 (bs, IH). 6.83 (d. 4H. /= 8.8 Hz), 7.04-7.22 (m, 9H). 7.77 (d, IH. /= 7.6 
20 Hz). 8.27 (bs. IH); MS (AP-ES) m/z 528.1 [M-H]-. 

^^ElB: 3'-Deoxvcvtidine-5'-rbis-r.y-p ivalov]-2-rhinftthvnphosp hatfi- 

niis compound was synthesized foUowdng the similar synthetic 
procedure used for the synthesis of Example 80 starting vnth iV*-(4.4'- 

25 dimetboxytrityl)-3'-deoxycytidine (0.3 g, 0.57 mmol). Other reagents used for the 
synthesis were IH-tetrazole (0.04 g. 0.57 nomol), acetonitrile (4 mL), bis-(5-pivaloyI- 
2-thioethyl)-iV,iV-diisopropylphosphQramidite (0.52 g, 1.14 mmol) and 3- 
chloroperbenzoic acid (0.2g, 1.14 mmol. 57-80 %) in CH2CI2 (3.6 mL). The product 
was isolated in 22 % yield (0.073 g) after HPLC purification. 

30 'H NMR (200 MHz, DMSO-d^): 8 1 .17 (s. 18H), 1.84 (m. 2H), 3.1 1 (t, 4H. J = 6.4 
Hz), 3.93-4.31 (m. 8H). 4.39 (m, IH). 5.55 (d, IH, 7 = '4,2 Hz), 5.67(dd, 2H, J = 7.4 
and 1.8 Hz). 7.1 (bs. 2H). 7.56 (d. IH, J = 7.4 Hz); '^P NMR ( CD3CN): 5 -0.71; MS 
(AP-ES) m/z 596.1 [M+H]*; HRMS (MALDI) Calcd for C23H38N309PS2Na 618.1679 
found 618.1600. 

35 
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EXAMPLES 



10 



15 



2^aM6thYlcvtidine-5^fbisfi.snprDDvlnxv<i».rh n nvloxvmethvl)^ hn^hi.t>. 






Phosphonomethoxy nucleoside analogs are discaissed in C.R. Wagna-, 
V.V. Iyer, and EJ. Mdntee, "Pionucleotides: Toward the In Vivo Delivery of 
Antimal and Anticancer Nucleotides," Med. Res. Rev 20: 1-35 (2000), which is 
incorporated by reference h^in in its entirety. They ax also disclosed U.S. Patent 
Nos. 5,922,695; 5.977.089; 6,043,230; and 6.069,249. the contents of each of which 
are incorporated by reference herein in their entirety. 



Step A: 



8: 557 (1997). 
StepB: 



5065 (1967). 



iso-ProDvl chloromethvl carfaonata 

This was prepared according to Antiviral Chemistry & Chemotherapy 
2'-Q-Methv lcvtidine-5'-phosphate 

This intermediate was prepared as described in Tetrahedron Lett. 50: 



20 Step C: 



25 



2'-C>-Methvlcvtidinf- 5'-fbisfisoproDvloxvcarbonvlnx; 
methvmphosp hate 

2'-0-Methylcytidine-5'-phosphate (0.4 g, 1.19 mmol) was dried over 
P2O5 in vacuum overnight at 40 ®C. It was then suspended in anhydrous DMF (4 mL). 
To this mixture was added diisopropylethylamine (0.86 mL, 4.92 mmol) and iso- 
propyl chloromethyl carbonate (1.56 g, 7.34 mmol). The mixture wks heated at 50 "C 
for 1 h. The reaction mixture was then allowed to come to room temperature. The 
reaction mixture was stirred at room temperature for 48 h and then filtered. The 
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filtrate was diluted with water (100 mL) and extracted witii CH2CI2 (3 x 50 mL). The 
organic phase was dried ovct anhydrous N^S04 and evaporated. Hie residue was 
dissolved in 20 % MeOH in water and purified by HPLC on C-1 8 column (Luna 
CI 8^250 X 2.12 mm, A = water, B = acetonitiile 20 to 10 % B in 65 ML, flow 10 mL 
5 min ' , X 260 ma) to give the title compound (2.5 mg). 

''P NMR (CDjCN): 6 -3.09; MS (AP-ES) m/z 570.1 [M+H]* 

EXAMPLE 84 

10 2'-0-MethvIcvtidine-y-rr2- decYloxv-3-dodecvlthio-l-p rn pvnDhosphate1 



20 



Me(CH2)iiS 



Me(CH2)9"° 




The procedure is described for similar nucleoside analogs in German 
Patent 408366 (1992) and J. Acquired Immune Defic. Syndr. 2000, 23, 227. The 
reaction of the appropriately protected 2'-0-methylcyUduie with (2-decyloxy-3- 
15 dodecylthio-l-propyl)phosphate [prepared by the reaction of 2-decyloxy-3- 

dodecylthio-l-propanol with POCI3 in ether in presence of triethylamine] under 
refluxing conditions in a toluene-ether mixture furnishes the desired compound. 



EXAMPLE 85 



2'-C>-Meth ylcytidine-5vrrflc-(3-octadecvIthio-2-p alniitnYl nxv-l-propvlV hnsphatel 
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O 

Me(CH2)i7S-"'V^O'^o-^ O t 
mOH^u^O OH 

, ^ H(5 tiMe 

This compound is synthesized by the reaction of 2*-£>-methylcytidine- 
5 -monophosphoromoipholidate with rac-l-S-octadecyl-2-O-pabnitoyl-l-thioglycerol 
in pyridine following the similar procedure described for AZT and ddC in 7. Med 
CAem. 39: 1771 (1996). 



EXAMPLE 86 



10 Nucleoside 5'-Triphosphatea 

The nucleoside 5 '-triphosphates of the present invention were prepared 
according to the general procedures described in Chenu Rev.lOO: 2047 (2000). 



EXAMPLES? 



Purification and Purity A nalysis of Nucleoside 5^-Triphosphates 

Triphosphates were purified by anion exchange (AX) chromatography 
using a 30 X 100 mm Mono Q column (Pharmacia) with a buffer system of 50 mM 
Tris, pH 8. Elution gradients were typically from 40 mM NaCl to 0.8 M NaCl in two 

20 column yolumes at 6.5 ml/min. Appropriate fi-actions firom anion exchange 

chromatography w^ collected and desalted by reverse-phase (RP) chromatography 
using a Luna C18 250 x 21 mm column (Phenomenex) with a flow rate of 10 mJ/min. 
Elution gradients were generally from 1% to 95% methanol in 14 min at a constant 
concentration of 5 mM triethylammonium acetate (TEAA). 

25 Mass spectra of the purified triphosphates were determined using on- 

line HPLC mass spectrometry on a Hewlett-Packard (Palo Alto, CA) MSD 1 100. A 
Phenomenex Luna (C18(2)), 150 x 2 mm, plus 30 x 2 mm guard column, S-jim 
particle size was used for RP HPLC. A 0 to 50% linear gradient (15 min) of 
acetonitrile in 20 mM TEAA (triethylammonium acetate) pH 7 was performed in 
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series with mass spectral detection in the negative ionization mode. ^Btrogen gas and 
a pneumatic nebulizer were used to generate the electrospray. The mass range of 150^ 
900 was sampled. Molecular masses were determined using the HP Chemstation 
analysis package. 

^ The purity of the purified triphosphates was detennined by analytical 

RP and AX HPIX* RP HPLC with a Phenomonex Luna or Jupiter column (250 x 
4.6 mm), 5-|im particle size was typically run with a 2-70% acetonitrile gradient in 
15 min in 100 mM TEAA, pH7. AX HPLC was performed on a 1.6 x 5 mm Mono 
Q column (Pharmacia). Triphosphates were eluted witii a gradient of 0 to 0.4 M 
10 NaQ at constant concentration of 50 mM Tris. pH 8. Purity of the triphosphates was 
generally >80%. 

EXAMPLE «8 

15 Nucleoside 5'-Monophosp hiifft.Q 

Hie nucleoside S'-monoiAospbates of the present invention were 
prepared according to the geqieaal procedure described in Tetrahedron Lett. 50: 5065 
(1967). 

20 EXAMPLR R9 

2-Amino-9-fB-D- arabinofuranosvlV9g-pnrin-6ngVone 



25 




HO 

This compound was obtained from commercial sources. 

EXAMPLE 90 

3*-Deoxv-3'-methvlguanosine 
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20 




HO-^^Oy^ N NHj 



Ml OH 

This compoand was prepared following procedures described in U.S, 
Patent No. 3,654^2 (1972). 

EXAMPLE 91 . 
2^-Q-f4>fImida2olvl-Dbutvn iguanosine 





10 Step A: 2'-Q-r4-amidazolvl-l>butv n-2-aTninnartpnnfiiTi>. 

A solution 2-aininoadenosine (7.36 g, 26 mmol) in dry DMF (260 mL) 
was treated portionwise with 60% NaH (3.92 g, 1000 mmol). After 1 hr., a solution 
of bromobutylimidazole (9.4 g, 286 mmol) in DMF (20ml) was added. After 16 hiS., 
the solution was cone, in vacuo, partitioned between H20/EtOAc and separated. The 

■ 

15 aqueous layer was evaporated, and the residue was chiomatographed on silica gel 
(CHCla/MeOH) to afford the title nucleoside as a white solid; yield 4.2 g. 
'H NMR (DMSO-4j): 6 1.39 (t, 2H), 1.67 (t, 2H), 3.3-3.7 (m. 4H). 3.93 (m, 3H), 4.29 
(m, 2H), 4.40 (d, IH^, 5.50 (5, IH), 5.72 (d, IH), 5.82 (bs. 2H), 6.72 (bs, 2H), 6.86 (s. 
IH), 7.08 (s, IH), 7.57 (s, IH). 7.91 (s, IH). 



Step B: 2'-Q-r4-rTmi dazolvl- nbutvll guanosine 
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A mixture of the intermediate from Step A (3.2 g, 8 mmol) in H2O 
(200 mL), DMSO (10 mL), tiisodium phosphate (10 g), and adenosine deaminase (03 
g) was stirred at room temperature and pH 7. The solution was filtered and and then 
evaporated. The resulting soUd was crystallized from EtOAcMeOH to afford the tifle 
5 compound as a white solid; yield 2.6 g. 

'H NMR (PMS0-d6): 6 1.39 (t, 2H). 1.67 (t. 2H), 3.3-3.7 (m, 4H), 3.93 (m, 3H), 4.29 
(m. 2H). 5.10 (t, IH), 5.20 (d, IH). 5.79 (d, IH), 6.50 (bs, 2H). 6.86 (s, IH), 7.08 (s, 
IH), 7.57 (s, IH) 7.9 (s, IH). 

10 EXAMPLE 92 

2'-Deoxv-2'-fluoro^Manosine 




N "NH2 



This compound was prepared following the conditions described in 
15 Chem. Pharm. Bull. 29: 1034 (1981). 



EXAMPLE 93 



2'-Deoxvguanosine 




20 HO 



This compound was obtained from commercial sources. 
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EXAMPLE 94 



2-Amino-7-f2-deoxv>2>fl uoro-6>D-ribQfuranosvlV7//>pvrro^ 



one 




5 HO F 

^^SElAi 2-Amino-4^hloro-7-f23.5> tri-0^en2vl-p^D^arabinofurm^^ 

Pvnolof23'^-pvrimidine 

To a suspension of 2-amino-4-cMon)-m-pym)lo[23-£gp)dmidine 
[Liebiss Ann. Chem.l: 137 (1983)] (3.03 g, 18 mmol) in anhydrous MeCN (240 mL), 

10 powdered KOH (85%; 4.2 gl 60 mmol) and tris[2-(2-methoxyethoxy)-ethyl]amine 
(0.66 mL, 2.1 nmiol) were added and the mixture was stirred at room temperature for 
10 min. Then a solution of 2,3,5-tri-O-benzyl-D.arabinofiiranosyl bromide [prepared 
from corresponding l-O-prnitrobenzoate (11.43 g, 20.1 mmol) according to Seek et 
al., J. Org, Chem. (1982), 47, 226] in MeCN (10 mL) was added and stirring 

15 continued for another 40 min. Solid was filtered off, washed with MeCN (2 x 25 mL) 
and combined filtrate evaporated. The residue was purified on a silica gel column 
with a solvent system of hexanes/EtOAc: 7/1, 6/1 and 5/1. Two main zones were 
separated. From the more rapidly migrating zone was isolated the a anomer (0.74 g) 
and from the slower migrating zone the desired p anomer (4.01 g). 

20 

SteEB: 2>Amino-7- (B-D-arabinofuranosvlV4-chloro-7g-pvrrolof2.3- 

dlpvrimidine 

To a solution of the compound from Step A (4.0 g, 7 rtmiol) in C:H2Cl2 
(150 ml) at - 78 **C was added a solution of 1.0 M BCI3 in CH2CI2 (70 mL, 70 mmol) 
25 during 45 min. The mixture was stirred at -78 ""C for 3h and at -20 °C for 2.5 h. 
MeOH-CH2Cl2 (70 mL, 1 : 1) was added to the mixture, which was then stirred at 
-20 °C for 0.5 h and neutralized with cone, aqueous NH3 at O^^C. TTie mixture was 
stirred at room temperature for 10 min. and then fihered. The solid was washed with 
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MeOH-CHaCh (70 mL, 1:1) and the combined filtrate evaporated. The residue was 
purified on a silica gel column with a solvent system of CH2Cl2/MeOH: 20/1 to give 
the desired nucleoside (1.18 g) as a white solid. 

5 Step C: 2>AminQ>7>f 1 .133>tetraisoprop v1 disiloxane-l .3>divl VB-D- 

arabinofuranQS vlV4-chlQro>7//-pvm)lof23.JlDvrimidine 
The compound fi*om Step B (0.87 g, 2.9 nnnol) and imidazole (0.43 g, 
5.8 mmol were dissolved in DMF (3.5 mL). 13-Dichloro-l,l,3> 
tetraisopropyldisiloxane (1.0 mL) was added to the solution. The reaction mixture was 
10 stirred at room temperature for 1 h and then evaporated. The residue was partitioned 
between CH2CI2 (150 mL) and water (30 mL). The layers were separated. The 
organic layer was dried (Na2S04) and evaporated. The residue was purified on a silica 
gel column with a solvent system of hexanes/EtOAc: 7/1 and 5/1 to give the title 
compound (1.04 g). \ 

15 

Step D: 2>Amino-74 2>0-acetvl>3,5-Q-f LL33-tetraisoDropvldisiloxane-l .3- 

divl)-B-D-arabinofuranosvlV4-chloro-7g>pvrrolQr23-Jlpvrimidine 
A mixture of the compound from Step C (0.98 g, 1 .8 mmol) in MeCN 

(12 mL). EtsN (0.31 mL) AC2O (0.21 mL) and DMAP (5 mg, 0.25 eq.) was stirred at 
20 room temperature for 5 h and then evaporated. The oily residue was dissolved in 

EtOAc (200 mL), washed with water (2 x 20 mL), dried O^sljSOa) and evaporated to 

yield pure title compound (1.12 g). 

Step E: 2>Amino-7-r 2-0-acetv]-P-D-arabinofuranosvll-4-chloro-7//- 
25 pvrrolor23-tfl pvrimidine 

To an ice-cold solution of the compound from Step D (0.95 g, 1.63 
mmol) in THF (10 mL) and AcOH (0. 19 mL) was added dropwise 1 .0 M 
tetrabutylammonium fluoride solution in THF (3.4 mL) and stirred at 0 ""C for 15 min. 
The solution was concentrated and the oily residue applied onto a silica gel column 
30 packed in CH2CI2 and eluted with CH2Cl2/MeOH: 50/1, 25/1 and 20/1. Appropriate 
fractions were pooled and evaporated to give the title nucleoside (0.56 g) as a white 
solid. 

Step F: 2-Amino-7-r 2-Q-acetvl-3.5>di-Q>(tetrahvdro-2-Dvranvn-P-D- 
35 arabinofura nosvll>4-chloro-7//-pvrrolor2.3-^pvrimidine 
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To a solution of the compound from Step E (0.5 g, 1.46 mmol) in 
CH2CI2 (10 niL) and 3,4-dihydro-2-^r-pyrane (0,67 mL) was added dropwise TMSI 
(30 hL. 0.2 mmol). The reaction mixture was stined at room temperature for 1 h and 
then evaporated. The oily residue was purified on a silica gel column packed in a 
solvent system of hexanes^tOAc/EtsN: 75/25/1 and eluted with a solvent system of 
hexanes/EtOAc: 3/1. The fractions containing the product were collected and 
evaporated to give the desired compound (0.60 g). 



mvIVB-D-arabinQfuranosvn>4- 



Step G: 2-Amino-7-r3,5-di-0-( te trahvdrQ>2>i 

chloro-7/ />pvrrQlof2-3..ii|pvrimidine 

A mixture of the compound from Step F (0.27 g, 0.53 mmol) and 
methanolic anmionia (saturated at 0 ""C; 10 mL) was kept overnight at 0 ''C. 
Evaporation of the solvent yielded the desired compound (0.25 g). 



15 Step H: 



2-Amino-7-f2~den xv-2-fluQrQ>3.5-di-0>(^tetrahvdro-2-i 
ribofuranosvH-4-chl oro.7/f-pvrrQlQr2.3-/f|p yriTTiidiT^ft 
To a solution iof the compound from Step G (0.24 g, 0.51 mmol) in 
CH2CI2 (5 mL) and pyridine (0.8 mL) at -eff^C was added diethylaminosulfur 
trifluoride (DAST; 0.27 mL) dropwise under Ar. The solution was stirred at -60 "^C for 
0.5 h, at 0 overnight and at room temperature for 3h. The mixture was diluted with 
CH2CI2 (25 mL) and poured into saturated aqueous NaHCOs (15 mL). The organic 
layer was washed with water (10 mL), dried (Na2S04) and evaporated. The residue 
was purified on a silica gel column with a solvent system of hexanes/EtOAc: 5/1 to 
give the title compound (45 mg) as a pale yellow foam. 

2-Amino-7-f2-deoxv>2-flu oro-B^D-rihnfuranosvlV4>ch]Qrn>7;y, 
PVrrolof23-rf]-p vrimidine 

A solution of the compound from Step H (40 mg. 0.08 mmol) in EtOH 
(2 mL) was stirred with pyridinium /?-toluenesulfonate (40 mg, 0.16 mmol) at 60 ""C 
for 3 h. The mixture was then evaporated and the residue purified on a silica gel 
column with a solvent system of hexanes/EtOAc: 1/1 and 1/2 to give the desired 
compound (24 mg). 
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Step J: 



2-Amino-7-a-deoxy-2-fl noro-B-I>.ribofuranosvlV7/y-pvrrolQf 2 ,l. 
rf|pvrimidin-4(3ijl-Qne 
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A mixture of the compound from Step I (4 mg, 0.08 mmol) in 2N 
aqueous NaOH (1.2 mL) was stiired at leflux temperature for 1.5 h. TTie solution was 
cooled jn an ice-bath, neutralized with 2 N aqueous HCl and evaporated to diyness 
The residue was suspended in MeOH. mixed with silica gel and evaporated. The solid 
residue was placed onto a silica gel column (packed in a solvent system of 
CHaClz^eOH: lO/I) which was eluted with a solvent system of CHzCh/MeOH: 
10/1. The fractions containing the product were collected and evaporated to dryness to 
yield the title compound (20 mg) as a white solid 

'H NMR (CD,OD): 5 3.73. 3.88 (2dd. 2H. 7= 12.4, 3.8. 2.6 Hz), 4.01 (m. IH) 4 47 
(ddd. IH y= 16.5, 6.6 Hz). 5.14 (ddd. IH. 7= 5.3 , 4.7 Hz). 6.19 (dd, IH. 7= 17 8 
3.0 Hz). 6.39 (d. IH. 7= 3.6 Hz), 6.95 (d. IH). 
NMR (CD3OD): 5 -206.53 ( dt). 
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20 



EXAMPLF. 9S 



2-Amino-7-<'R- 



D-ribofuranosvlV7J?-pvnDlof2.3 w 



imidin-4G/f) -ftnp. 




H(5 bh 



This compound was prepared following the procedures described in 7. 
Chem. Soc. Perldn Trans. 1, 2375 (1989). 



EXAMPLE 96 



. 2-Amino-7-(2-deoxY-P-D-rihofiiranosvl)-7ff-pvrrnl o f2.3-dlnvrimiHin-ztf ^/^ 



^ne 



-131 - 
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HO 



This compound was prepared following the procedures in Tetrahedron 
Lett. 28: 5107 (1987). 



EXAMPLE 97 



6-Amino-l-(2-0-methYl-(^D - ri bofuranosvlVm-imida7.or4.5-r1pvridin-4rsm-nn^ 



N 




\ ■ < 

This compound was prepared in a manner similar to the preparation of 

10 2-anuno-7-(3-deoxy-3-fluoro-P-D-ribofuranosyl>7tf-pyrrolo[23-dJp)dniidin-4(3fl^ 
one (Example 23). 

EXAMPLE 9« 



6-Amino-l-f2Kleoxv-B-n-rihofuranosvlVlf^-imida7.or4,'>-r1pYr;Hin./t(s, 



me 
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N 



i 




HO 

This compound was prepared following the procedures described in J. 
Med. Chem. 26: 286 (1983). 

EXAMPLE 99 

6-Amino-l-(3-deoxY-3-methvl-6-I>ribofiiran o svlVlH-imid3zor4.5w:lnvridin-4( ^^ 
one 



O 




Me OH 

^® This compound was prepared in a manner similar to the preparation of 

2-amino-7-(3-deoxy-3-fluoro-P-D-ribofiiranosyl)-7^r-pyrTo]o[23-^flpyrimidin^^^ 
one (Example 23). 



EXAMPLE 100 



15 



6-Amino-l-(2-KteoxY-2-fluoro-6-I>-ribofurano s vlVl//-imiria7or4.5-clDvridin-4r';^ 



one 



- 133- 



wo 02/057425 PCT/US02/01531 




HO F 

This compound was prepared in a manner similar to the preparation of 

2-amino-7-(3-deoxy-3-fluoro-p-D-iibofuranosyim-pyiTolo[2,3-d]pyTimidin-4(3^ 
one (Example 23). 

5 

■ 

EXAMPLE 101 

6-Amino-l-(B-I>-anthinofiM-anosvl Vlg-imidazo^ii-cipvridin-4( SW>.nn>> 

. O 
• N- 

f 

\ LoH 

m 

h6 




10 

(1982). 



A preparation of this compound is given in Eur. Pat. Appln. 43722 Al 



EXAMPLE 109. 



15 2'-C'-f2-(MAr-diethvlam inooxv')ethvn-5-methvluridinp. 
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H(5 t>-^ 

^0NEt2 

Step A: 5^-04ert>Butvldiphenvlsilvl-2^-0-(2>hvdroxvethvlV5->inethvluridine 

In a 2 L stainless steel, unstirred pressure reactor was added borane in 
tetrahydrofuran (1.0 M, 2.0 eq, 622 mL). In the fume hood and with manual stirring, 
S ethylene glycol (350 mL, excess) was added cautiously at first until the evolution of 
hydrogen gas subsided. 5'-0-tert-Butyldiphenylsilyl-0^-2'-anhydro-5-methyluridine 
(149 g, 0.311 raol) and sodium bicari>onate (0.074 g) were added with manual stirring. 
The reactor was sealed and heated in an oil bath until an internal temperature of 160°C 
was reached and then maintained for 16 h (pressure < 100 psig). The reaction vessel 

10 was cooled to ambient and opened. The reaction mixture was concentrated under 
reduced pressure (10 to Imm Hg) in a warm water bath (40-100 *^C) with the more 
extreme conditions used to remove the ethylene glycol. The residue was purified by 
column chromatography (2 kg silica gel, ethyl acetaterhexanes gradient 1:1 to 4:1). 
The appropriate fractions were combined, stripped and dried to product as white crisp 

15 foam (84 g), contaminated starting material (17.4 g) and pure reusable starting 
material (20 g). TLC and NMR were consistent with 99% pure product. 
'HNMR (DMSO-Jd): 6 1.05 (s, 9H), 1.45 (s, 3H), 3.5-4.1 (m, 8H),4.25 (m, 1 H), 
4.80 (t, 1 H), 5.18 (d, 2H), 5.95 (d, 1 H), 7.35-7.75 (m, 1 1 H), 11.42 (s, 1 H). 

20 StepB: 2'-Q42-f2-phthalimidoxv)ethvlV5'-t>butvldiphenvIsilvl-5- 

methvluridine 

5'-0-tert-Butyldiphenylsilyl-2'-0-(2-hydroxyethyl)-5-methyluridine 
(20 g, 36.98 mmol) was mixed with triphenylphosphine (11.63 g, 44.36 mmol) andiV- 
hydroxyphthalimide (7.24 g, 44.36 mmol). It was then dried over P2O5 under high 
25 vacuum for two days at 40^*0. The reaction mixture was .flushed with argon and dry 
THF (369.8 mL) was added to get a clear solution. Diethyl azodicarboxylate (6.98 
mL, 44.36 mmol) was added dropwise to the reaction mixture. The.rate of addition 
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was maintained such that resulting deep red coloration is just discharged before 
adding the next drop. After the addition was complete, the reaction was stirred for 4 
b. By that time TLC showed the completion of the reacUon (ethyl acetate/hexane 
60:40). The solvent was evaporated under vacuum. Residue obtained was placed on 
a flash silica gel column and eluted with ethyl acetate-hexane (60:40) to give the title 
compound as a white foam (21.8.^. 

'H NMR (DMSO-de): 6 1 1.32 (s. IH). 7.82 (m. 4H), 7.6-7.65 (m, 5H), 7.34-7 46 (m 
6H). 5.90 (d. IH, 7= 6Hz). 5.18 (d. /= 5.6 Hz). 4.31 (bs. 2H). 4.25 (m, IH), 4.09 (t ' 
IH, 7 = 5.6 Hz). 3.81-3.94 (m. 5H), 1.44 (s, 3H), 1.1 (s. 9H); "c NMR (CDQa)- 6 
11-8. 19.40. 26.99, 62.62. 68.36, 68.56, 77.64, 83.04. 84.14, 87.50. 110 93 123 59 
127.86. 129.89, 132.45. 134.59. 134.89. 135.17. 150.50. 163.63. 163.97; MS [FABl 
m/z 684 [M-H]-. ^ 



15 



20 



25 



30 



StepC: 



5'-0-/err-Butvldiphenvlsilvl-7'- 0 .r2-(acetaldnx.n iinonxvWhYll-^- 
methvluridine 

2'-0-[2-(2-Hithalimidoxy)ethyl]-5'-t-butyldiphenylsilyl-5- 
metiiyluridine (10 g, 14.6 m^jol) was dissolved in CHaQj (146 mL) and cooled to - 
10 "C in an isopropanol-dty ice bath. To this mediylhydrazine (1.03 mL, 14.6 mmol) 
was added dropwise. Reaction mixture was stirred at -10 "C to 0 ''C for 1 h. A white 
precipitate formed and was filtered and washed thoroughly with CH2CI2 (ice cold). 
The filtrate was evaporated to dryness. Residue was dissolved in methanol (210 mL) 
and acetaldehyde (0.89 mL. 16 mmol) was added and stirred at room temperature for 
12 h. Solvent was removed in vacuo and residue was purified by silica gel column 
chromatography using and ethyl acetate/hexane (6:4) as solvent system to yield the 
title compound (4.64 g), 

'HNMR (PMSO-de): 5 1.02 (s. 9H). 1.44 (s. 3H), 1.69 (dd, 3H. 7= 5.6 Hz). 3.66 (m 
IH). 3.76 (m. 2H). 3.94 (m. 2H). 4.05 (s. 2H). 4.15 (m. IH). 4.22 (m. IH) 5 18 (d, 

IH, 7 = 6.0 Hz), 5.9 (dd, IH, 7 = 4.4 Hz). 7.36 (m. IH). 7.40 (m. 7H). 7.63 (m. 5H) 

II. 38 (s. IH). "C NMR (CDCI3): 8 11.84. 15.05. 19.38. 26.97. 63.02. 68 62 70 26* 
71.98. 72.14. 82.72. 84.34. 87.02, 111.07. 127.89. 130.02, 134.98, 135.13 135 42 ' 
147.85. 150.51. 164.12; HRMS (FAB) Calcd for CaaHspNaO, SiNa® 604.2455 found 
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StepD: 



5'-(?-/m-ButvldiDhenvlsnv1- ?'-C>-r2-rA/^^A^-riip .thvlaminonyYythyi]_.; 
methvluridine 
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5'-(?-tert-Butyldiphenylsilyl-2'-0-[2-(acetaIdoxiininooxy)ethyl]-5- 
methyluridine (4.5 g. 7.74 mmol) was dissolved in IM pyridinium /^-toluenesulfonate 
(PPTS) in MeOH (77.4 mL). It was then cooled to 10 °C in an ice bath. To this 
mixture NaBHaCN (0.97 g, 15.5 mmol) was added and the mixture was stirred at 
5 10°C for 10 minutes. Reaction mixture was aUowed to come to room temperature and 
stirred for 4h. Solvent was removed in vacuo to give an oil. Diluted the oil with ethyl 
acetate (100 mL). washed with water (75 mL). 5% NaHCOj (75 mL) and brine (75 
mL). The organic phase was dried over anhydrous Na2S04 and evaporated. Residue 
obtained was dissolved in IM PPTS in MeOH (77.4 mL). acetaldehyde (0.48 mL, 

10 8.52 mmol) was added and stined at ambient temperature for 10 minutes. Then 
reaction mixture was cooled to 10 *C in an ice bath and NaBHsCN (0.97 g, 15.50 
mmol) was added and stined at 10 *»C for 10 minutes. Reaction mixture wLs allowed 
to come to room temperature and stined for 4 h. Solvent was removed in vacuo to get 
an oil. The oil was dissolved in ethyl acetate (100 mL), washed with water (75 mL), 

15 5% NaHCOj (75 mL) and brine (75 mL). The organic phase was dried over 

anhydrous Na2S04 and evaporated to dryness. The residue obtained was purified by 
silica gel column chromatography and eluted with CHaCh/MeOH /NEts, 94 : 5 : 1 to 
give title compound (3.55 g) as a white foam. 

'H NMR (DMSO-de): 5 0.95 (t. 6H. J = 7.2 Hz), 1.03 (s. 9H), 1.43 (s, 3H). 2.58 (q, 
20 4H. J = 7.2 Hz), 3.59 (m. IH), 3.73 (m, 3H), 3.81 (m, IH), 3.88 (m. IH), 3.96 (m, 
2H). 4.23 (m, IH). 5.21 (d. IH. J = 5.6 Hz). 5.95 (d, IH. 7 = 6.4 Hz), 7.43 (m. IH), 
7.76 (m, 4H), 1 1.39 (s, IH); "C NMR (CDQa): 6 11.84. 19.35. 26.97. 52.27. 63.27. 
68.81, 70.27. 72.27, 82.64. 84.47, 86.77. 1 1 1.04, 127.87, 130.01, 135.11, 135.41, 
141.32, 150.48, 164.04; HRMS (FAB). Calcd for C32H45N307SiCs®. 744.2081, found 
25 744.2067. 

^^P^ 2'-0-r2-(Ar.A^<iiethvlamin ooxv'>ethyll-5-methvluridine 

A mixture of triethlyamine trihydnogenfluoride (4.39 mL, 26.81 mmol) 
and triethylamine (1.87 mL, 13.41 mmol) in THF (53.6 mL) was added to 5'-0-te/t- 

butyldiphenylsilyl-2•-^?-[2-(^;iV-diethylaminooxy)ethyl]-5-methyluridine(3.28g, 
5.36 mmol). ThereacUonmixture was stined at room temperature for 18 h. Solvent 
was removed in vacuo. The residue was placed on a silica gel column and eluted 
with CHzCla/MeOH /NEts. 89 : 10: 1. to yield the title compound (1.49 g). 
•h NMR (PMSO-dc): 5 0.97 (t, 6H, J = 7.2 Hz), 1 .75 (s. 3H), 2.58 (q. 4H. J = 7.2 
35 Hz). 3.55 (m, 4H). 3.66 (m. 2H), 3.83 (bs, IH), 3.95 (t. IH, J = 5.6 Hz). 4.1 1 (q. IH, J 
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= 4.8 Hz and 5.6 Hz), 5.05 (d. IH, 7 = 5.6 Hz). 5.87 (d, IH. 7 = 6.0 Hz). 7.75 (s. IH) 
11.31 (s. IH); "C NMR (CDCI3): 5 11.75. 12.27, 52.24. 61.31. 68.86. 70.19, 72.25. ' 
81.49, 85.10, 90.29. 1 10.60, 137.79, 150.57. 164.37; HRMS (FAB) Calcd 
C16H28N3O7® 374.1927, found 374.1919. 

EXAMPLE 103 
l-f2-C-Methvl-B-D-arahi nofurano.svniiraf:i1 

o 




h6 Me 

This conqwu^d was prepared following the procedures described in 
Chem. Pharm. Bull 35: 2605 (1987). 



EXAMPLE 104 



15 5-Methvl-3'-deoxvcvtidine 



Me 




This compound was prepared following the procedures described in Chem. 
Pharm. Bull. 30: 2223 (1982). 



20 
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EXAMPLE 105 



2-Aniino-2* -Q-methvIadenosine 




This compound was obtained from commercial sources. 

EXAMPLE 106 



2'-Deoxv-2'-fluoroadenosiiie 




10 HO F 



This compound was obtained from commercial sources. 



EXAMPLE 107 



15 3 '-Deoxy-3'-fluoroadenosine 
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NH 




{15 



F OH 

This compound was prepared following the procedures described in 
Nucleosides Nucleotides 10: 719 (1991). 



EXAMPLE 108 



3 ' -Deoxv-3 ' -methvladenosine 




Me OH 

This compound was prepared following the procedures described in J. 
10 Med Chem. 19: 1265 (1976). 

EXAMPLE 109 

2-Amino-7-f2-deoxv-B-D- ribofuranosvl)-7g-pvrro1nf2.3-rflDvrimidinft 



HO 




15 HO 
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TTiis compound was prepared following the procedures described in J. 
Am. Chem. Soc. 106: 6379 (1984). 

EXAMPLE 110 
4-Amino-7-(B-D-arabin ofuranosvn-7//-Dvnolof2.3-£npvrimidine 



NH 



HO 




OH 



HO 



10 



TWs compound is described in U.S. Patent 4,439,604, which is incorporated 
by reference herein in its entirety. 

I 

EXAMPLE 111 

4-Amino-l-G-deoxv-3-fl uoro-B-D-rihofuranosvl')-1ff-iTnida7.n[4.5-c1pvridine 



HO 




F OH 

This compound can be prepared readily by the similar method 
described for the preparation of Example 24. except the nucleobase is 3-deazaadenine. 

EXAMPLE 112 

20 4-Amino-7-('B-D-ribQfmranosvlV7//-pvrrolol2.3-rflpvrinudine ftubercidin' 
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Hiis compound was obtained from commercial sources. 

EXAMPLE 113 

5 

4-Amino-l-(3-deoxv-B-D-ribofiiranosvn-lF-imidazor4,5-c1pvridine 




OH 

This compound is described in Acta Crystcdlogr.. Sect. C: Cryst. 
Struct. Commun. C43: 1790 (1987). 

ft 

10 

EXAMPLE 114 

4-Amino-l-(3-deoxv-3-methvl-B-D-ribofiiranosvl)-lg-imidazof4.5-c1pvridine 

NHa 




Me OH 
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The procedure described earlier for Example 23 is used to synthesize 
this example by reacting the appropriately substituted 3-C-methyI-sugar intermediate 
with a protected 3-deazaadenine derivative. 

EXAMPLE 115 

4-Aniino-l-B-D-ribofuranosvl-l/f-imida2of4,5-c]pvridine 




HO OH 



This compound was obtained from conmiercial sources. 



EXAMPLE 116 



9"(2-C-Methvl-B-D-arabinofuranosvl)adenine 




HO OH3 

15 This compound is prepared from 4-amino-9-(3,5-bis-0-tert- 

butyidimethylsilyl-B-D-ervthro-pentofuran-2-ulosvl)purine (J. Med. Chem . 1992, 35, 
2283) by reaction with MeMgBr and deprotection as described in Example 61. 



EXAMPLE 117 



4-Amino-7-f2-C-ethvl-6-D-ribofuranosvIV7H^pvrrolor23-Jlpvriniidine 
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Step A: 3.5-Bis-Q-(2.4-dichIorophenvlmethvl)-2-C>ethvM-Q-methvl>a-D« 

ribofuranose 

To diethyl ether (300 mL) at -VS^'C was slowly added EtMgBr (3.0 M, 
5 16.6 mL) and then dropwise the compound fxom Step B of Example 62 (4.80 g, 10.0 
mmol) in anhydrous Et20 (100 mL). The reaction mixture was stirred at -78 ^^C for 15 
min, allowed to warm to -15°C and stirred for another 2 h, and then poured into a 
stirred mixture of water (300 mL) and R2O (600 mL). The organic phase was 
separated, dried (MgS04), and evaporated in vacuo. The crude product was puriiied 
10 on silica gel using ethyl ace^te/hexane (1:2) as eluent. Fractions containing the 

product were pooled and evaporated in vacuo to give the desired product (3.87 g) as a 
colorless oil. 

Step B: 4>-Chloro-7^r3.5-bis-0-a.4-dichloroDhenvlmethvlV2-C--ethvl-B-D- 

15 ribofuranosvn-7tf-pvrrolor2.3-^f1pvrimidine 

To a solution of the compound from Step A (1.02 mg, 2.0 nmiol) in 
dichloromethane (40 mL) was added HBr (5.7 M in acetic acid) (1.75 mL, 10.0 mmol) 
dropwise at 0°C. The resulting solution was stirred at rt for 2 h, evaporated in vacuo 
and co-evaporated twice from toluene (10 mL). The oily residue was dissolved in 

20 acetonitrile (10 mL) and added to a vigorously stirred mixture of 4-chloro-lif- 
pyrrolo[23-d]pyrimidine (307 mg, 2.0 mmol), potassium hydroxide (337 mg, 6.0 
mmol) and tris[2-(2-methoxyethoxy)ethyl]amine (130 mg, 0.4 mmol) in acetonitrile 
(10 mL). The resulting mixture was stirred at room temperature overnight, and then 
poured into a stirred mixture of saturated ammonium chloride (100 mL) and ethyl 

25 acetate (100 mL). The organic layer was separated, washed with brine (100 mL), 
dried over MgS04, filtered and evaporated in vacuo. The crude product was purified 
on silica gel using ethyl acetate/hexane (1 :2) as eluent to give the desired product (307 
mg) as a colorless foam. 
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Step C: 4>Chloro>7-f2>C-ethvl-B>D>ribofuranosvlV7//-Pvrrolor23> 

Jlpvrimidine 

To a solutioTi of the compound from Step B (307 mg, 0.45 mmol) in 
dichloromethane (8 mL) was added boron trichloride (IM in dichloromethane) (4.50 
5 mL, 4.50 mmol) at -78°C. The mixture was stirred at -78''C for Ih, then at -10°C for 
3h. The reaction was quenched by addition of methanol/dichloromethane (1:1) (10 
mL), stirred at ■'15°C for 30 min, and neutrahzed by addition of aqueous ammonium 
hydroxide. The mixture was evaporated in vacuo and the resulting oil purified on 
silica gel using methanol/dichloromethane (1:9) as eluent. Fractions containing the 
10 product were pooled and evaporated in vacuo to give the desired product (1 12 mg) as 
a colorless foam. 

Step D: 4^Amino-7-(2-C>ethvl-P>D-ribofuranosvlV7H>pvirolof23- 

Jlpvrimidine 

15 To the compound from Step C (50 mg, 0.16 mmol) was added 

saturated ammonia in methanol (4 mL). The mixture was stirred at 75**C for 72 h in a 
. closed container, cooled and;^vaporated in vacuo. The crude mixture was purified on 
silica gel using methanol/dichlcnomethane (1:9) as eluent Fractions containing tbe 
product pooled and ev^orated in vacuo to give the desired product (29 mg) as a 

20 colorless powder. 

IH NMR (200 MHz, DMSO-dg): 5 0.52 (t, 3H), 1.02 (m, 2H), 4.01-3.24 (m, 6H), 

5.06 (m, IH). 6.01 (s, IH), 6.51 (d, IH), 6.95 (s br, 2H), 6.70 (d, IH), 7.99 (s, IH). 
LC-MS: Found: 295.2 (M+H+); calc. for C13H18N4O4+H+: 295.14. 

25 EXAMPLE 118 

2-Amino-7-(2-C-methvl-B-D-ribofuranosvl)-7g-pvrrolof2.3-^pvrimidin-4f3/f)-one 




\ /.Me 

HO OH 
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10 



20 



25 



30 



Step A: 



2-Amino-4-chloro-7.r^,^.h;.. o.(2.4-dichlorophenvlmftthY l)-9-/-- 
methYl-B-D-ribofiiranf>gY lV7^-pviTolof2.3-<f]pY rimiH;nP 



To an ice-cold solution of product from Step C of Example 62 (127 g, 
2.57 mmol) in CHzCla (30 mL) was added HBr (5.7 M in acetic acid; 3 mL) dropwisJ. 
The reaction mixture was stined at room temperature for 2 h, concentrated in vacuo 
and co-evaporated with toluene (2 x 15 mL). The resulting oil was dissolved in 
MeCN (15 mL) and added dropwise into a well-stirred mixture of 2-amino-4-chloro- 
7//-pyrro]ot2,3-^pyrimidine [for preparation see Heterocvcles 35: 825 (1993)] (433 
mg, 2.57 mmol), KOH (85%, powdered) (0.51 g, 7.7 mmoJ), tris-{2-(2- 
methoxyethoxy)ethy]]amine (165 jiL. 0.51 mmol) in acetonitrile (30 mL). TTie 
resulting mixture was stirred at rt for 1 h, filtered and evaporated. The residue was 
purified on a sijica gel column using hexanes/EtOAc, 5/1, 3/1 and 2/1 as eluent to 
give the title compound as a colorless foam (0.65 g). 



15 StepB: 



2-Aniino-4-chloro-7-f2-< 7-methvl-p-f)-ribofurannsyl)-7//-l 
fflpyrimidinc i 

To a solution pf the product from Step A (630 mg, 1 .0 mmol) in 
CH2CI2 (20 mL) at -78''C was added boron trichloride (IM in CH2CI2) (10 mL, 10 
mmol). The mixture was stirred at -78°C for 2 h, then at -20°C for 2.5 h. The reaction 
was quenched with CHzClz^vleOH (1:1) (10 mL), stirred at -20OC for 0.5 h, and 
neutralized at 0°C with aqueous ammonia. The solid was filtered, washed with 
CHzCb/MeOH (1:1) and the combined filtrate evaporated in vacuo. The residue was 
purified on a silica gel column with CHaClz/MeOH, 50/1 and 20/1 as eluent to give 
the title compound as a colorless foam (250 mg). 



rolof2.3- 



35 



Step C: 



2-Amino-7-(2-C-methvl.p -D-ribofuran»^Y')-7^-l 
gnpvrimidin-4(3g)-one 

A mixture of product from Step B (90 mg, 0.3 mmol) in aqueous 
NaOH (2N, 9 mL) was heated at reflux temperature for 5 h, then neutraUzed at O^C 
with 2 N aqueous HCl and evaporated to dryness. Purification on a silica gel column 
with CHaClzrtHeOH. 5/1 as eluent afforded tiie title compound as a white solid (70 
mg)- 

IH NMR (200 MHz. CD3OD): 5 0.86 (s, 3H), 3.79 (m IH). 3.90-J.05 (m. 3H). 6.06 
(s, IH). 6.42 (d, 7 = 3.7 Hz. IH), 7.05 (d. 7 = 3.7 Hz, IH). 



-146- 



wo 02/057425 PCT/US02/01531 



EXAMPLE 119 

2-Amino-4- CYclopropvIamino-7-f 2-C-methvl-B-D-ribofurann.wlV77/-Dv^^^ ^. 
<ftevrimidine 



10 




15 



Hcf 't)H 

A solution of 2-amino-4<hloro-7-(2-C-methyl-p-D-ribofuranosyl)-7H- 
pyrrolo[23-dJpyrimidine (Example 118, Step B) (21 mg, 0.07 mmol) in 
cyclopropylamine (0.5 mL) was healed at 70''C for two days, then evaporated to an 
oOy residue and purified on p silica gel column with CHjaa^OH, 20/1, as eluent to 
give the title compound as a^hite solid (17 mg). 

IH NMR (200 MHz, CD3CN): 6 0.61 (m. 2H). 0.81 (m, 2H), 0.85 (s, 3H), 2.83 (m. 
IH). 3.74-3.86 (m,.lH). 3.93-4.03 (m. 2H), 4.11 (d. / = 8.9 Hz, IH), 6.02 (s, IH), 
6.49 (d, J = 3.7 Hz, IH), 7.00 (d, 7 = 3.7 Hz, IH). 

MMfflLEHO 



3'.5'-Bis-fO-ri-oxooctvin-2'-C>-methvlcvtiriinft 





OCH 
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1,3-DicycJohexylcarbodiimide (21.48 g, 104 mmol) was dissolved in 
anhydrous dichloromethane (100 mL). To the solution was added octanoic acid (5.49 
mL, 34.5 mmol, made anhydrous by keeping over molecular sieves, 4 A" overnight at 
room temperature), and the resulting reaction mixture was stirred under argon 
5 atmosphere for 6 h. The white precipitate which fonned was filtered, and the filtrate 
was concentrated under reduced pressure. The residue obtained was dissolved in 
. anhydrous pyridine and added to N4-(4,4'-dimethoxytrityl)-2'-0-methylcytidine (0.43 
g, 0.77). DMAP (0.09 g, 0.77 mmol) was added and the resulting mixture was stined 
at room temperature under argon atmosphere for 12 h. The solvent was removed 
10 under reduced pressure and the residue obtained was dissolved in ethyl acetate (100 
mL). nie organic phase was washed with aqueous sodium bicarbonate (5 %, 50 mL), 
dried over anhydrous Na2S04 and concentrated under reduced pressure. The residue * 
was purified by flash silica gel column chromatography and eluted with 5 % MeOH in 
dichloromethane. The product obtained was dissolved in a mixture of acetic acid: 
15 MeOH : H2O (20 mL, 3 : 6 : 1). TTie resulting mixture was heated at SO^C for 24 h. 
The solvent was removed under reduced pressure. The residue obtained was purified 
by flash silica gel column clyomatography and eluted with dichloromethane 
containing 0 to 5 % of MeOH to give the title compound (0.22 g). 
IH NMR (200 MHz, DMSO-de) 5 0.83 (m. 6H), 1.23 (br s. 16H), L51 (m. 4H). 2.33 
20 (m, 4H), 3.26 (s. 3H), 4.06 (t, J =5.2 Hz, IH), 4.21 (m, 3H), 5. 1 1 (t, J = 5.2H2, IH), 
5.75 (d, J = 7.4 Hz, IH), 5.84 (d, J = 4.8 Hz, IH), 7.26 (br s, 2H), 7.61 (d, J = 7 4 Ife 
IH). 



25 



{,ti>): m/z 510.3 [M + H] ; HRMS (FAB) Calcd for C26H44N: 
found 510.3170. 

EXAMPLE 121 
4-Amino-l-(P-D.ribofuranosvlV]//-pYra7 olor3.4-/flp vrimiriinP 



HO 




HO t)H 
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This compound was prepared following procedures described in 
Nucleic Acids Res .. 11: 871-872 (1983). 



MAMI1E122 



5 

2'C-Methvl-cvtidine 



NH 




Me 

HO OH 



This compound was prepared following proceduies described in L. 
Beigelman et al., Cart)ohvd..Res. 166: 219-232 (1987) or X-Q Tang, et al., J. Org. 
10 Chem . 64: 747-754 (1999). I 

EXAMPLE 123 

4-Amino-7-f2-C-methvl-B-D-rib ofuranosvn-7g-pvrrolof2.3-JlDvrimidine-5- 
15 carbonitrile 




TTus compound was prepared following proceduies described by Y. 
Murai et al. in Heterocvcles 33: 391-404 (1992). 



20 
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EXAMPLE 124 



4iAmino£Zi(2iC:m^ 
carboxamide 



H2NOC 




This compound was prepared following procedures described by 
Murai et al. in Heterocvcles 33: 391-404 (1992). 



10 

8-Aminoadenosine 



EXAMPLE 125 




Ha t>H 



15 



This conqtound was prepared following the procedure Ascribed in M. 
Dcehara and S. Yamada, Chem. Phann. Bull. . 19: 104 (1971). 



EXAMPLE 126 



Mass Spectral Ch aracterization of Nucleoside 5'-Triphosphates 

20 Mass spectra of nucleoside 5'-triphosphates were determined as described in 

Example 87. Listed in the following table are the calculated and experimental masses 
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for the nucleoside 5 '-triphosphates prepared according to the procedures of Example 
86. The example numbers correspond to the parent nucleoside of the nucleoside 5*- 
triphosphate. 



1 Example 


1 Calculated 


1 Found 1 


1 1 


1 507.0 


1 506 9 1 


1 2 


1 525.0 


524 9 


1 ^ 


537 0 


1 537 0 1 


i 6 


539 0 


1 539 0 1 


1 7 


565 0 


1 56S 0 i 


1 8 


547 0 


i 54f^ 0 1 


1 9 


550 0 


1 S^O 0 1 


1 10 


506 0 


1 ^O^ 0 1 


1 11 


5360 


1 ^'^^ O 1 


1 12 


536 0 


A 1 


1 »13 


561 0 


^^n 0 i 


1 14 


S50 0 


<<n n t 


1 15 


524 0 


^0:4. n 1 


1 16 


522 0 


S91 Q 1 


1 17 


547 0 


SzL^ 0 1 


i 18 


536 0 


5*^^^ n i 


1 20 


531 0 


530 0 1 


1 


522.0 1 


522 0 1 


1 1 


536.0 1 


536.0 


1 1 


506.0 1 


506.1 


1 ^ 


524.0 1 


524.0 1 


25 


508.0 1 


508.0 I 


26 


508.0 1 


508.0 1 


1 ^ 1 


552.0 1 


552.0 


28 


506.0 1 


506.0 1 


29 


579.0 1 


578.9 1 


30 


582.0 1 


582.0 1 


1 . 31 


568.0 1 


567.9 1 
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32 



33 



34 



554.0 



540.0 



554.0 



553.9 



539.9 



553.9 



35 



36 



37 



568.0 



541.0 



565.0 



567.9 



541.0 



564.9 



38 



39 



41 



542.0 



554.0 



481.0 



541.9 



553.9 



481.0 



42 



467.0 



467.0 



43 



485.0 



484.8 



46 



482.0 



482.0 



47 



48 



,49 



486.0 



482.0 



554.0 



485.8 



482.0 



554.0 



51 



468.0 



468.1 



52 



521.0 



521.0 



53 



491.0 



491.2 



55 



584.9 



585.1 



56 



58 



61 



62 



521.0 



506.0 



520.0 



520.0 



521.2 



506.0 



519.9 



520.0 



63 



547.0 



547.0 



64 



533.0 



533.0 



65 



549.0 



549.0 



67 



551.0 



551.0 



68 



69 



71 



89 



90 



515.0 



520.0 



490.0 



523.0 



521.0 



514.9 



520.1 



489.9 



522.9 



520.9 



91 



645.1 



645.0 



-152- 



wo 02/057425 



PCT/US02/0153J 



1 94 


1 524.0 


523.9 


1 


1 522.0 


521.8 


1 98 


j 536.0 


535.9 


99 


j 520.0 


520.0 


1 102 


1 613.1 


613.0 


1 103 


1 498.0 


« 1 

497.9 


1 104 


1 481.0 


481.0 I 




536.0 


536.2 1 


1 106 1 


509.0 


508.9 1 




505.0 


505.0 [ 




506.0 


506.1 . I 


1 1 


490.0 


490.0 1 


1 


534.0 


534.0 1 


1 118 1 


536.0 


536.0 1 


; EXAMPLE 127 



r4-Amino-7-f2-r-methYl-P-I>.rihofiiranosvIV7;/-p vrrnlnp3-rfl-nvrimiri.n.].v. 
5 monophosp hatft 



NHz 
N 



HO 



10 



To the compound from Step F of Example 62 (14 mg, 0.05 mmol) 
(dried by coevaporation with pyridine and several times with toluene) was added 
trimethyl phosphate (0 J mL). The mixture was stirred- overnight in a sealed 
container. It was then cooled to 0°C and phosphorous oxycMoride (0.0070 mL. 0.075 
mmol) was added via a syringe. The mixture was stirred for 3 h at O^C, then the 
reaction was quenched by addition of tetraethylammonium bicarbonate (TEAB) (IM) 



-153- 



wo 02/057425 PCT/US02/01531 



(0.5 mL) and water (5 mL). The reaction mixture was purified and analyzed 
according to the procedure described in Example 87. 
Electron spray mass spectrum (ES-MS): Found: 359.2 (M-H*), calc. for 
Ci2H,7N407P-H^: 359.1. 

EXAMPI^12R 

[4-Amino-7-(2-C-methvl-p -D-ribofurannsvlV7//-Dvrrolof23-<fl-Pvrimiriinft1-^' - 
diphosphate 




HO-P-O-P-0 
HO HO 

10 1 Hd t)H 

> 

i 

To tiie compound from Step F of Example 62 (56 mg, 0.20 mmol) 
(dried by coevaporation with pyridine and several times with toluene) was added 
trimethyl phosphate (stored over sieves) (1.0 mL)r The mixture was stirred overnight 
in a sealed ccmtainer. It was then cooled to O^C and phosphorous oxychloride (0.023 

15 mL, 0.25 mmol) was added via a syringe. The mixture was stirred for 2 h at 0°C, tiien 
tributylamine (0.238 mL, 1.00 mmol) and tributylammonium phosphate (generated 
from phosphoric acid and tributylamine in pyridine, followed by repeated azeotropic 
evaporation with pyridine and acetonitrile) (1.0 mmol in 3.30 mL acetonitrile) was 
added. The mixture was stirred for an additional 30 min at 0°C, the sealed vial was 

20 then opened and the reaction quenched by addition of TEAS (IM) (1 .0 mL) and water 
(5 mL). The reaction mixture was purified and analyzed according to the procedure 
described in Example 87. 

ES-MS: Fbund: 439.0 (M-lT), calc. for C,2H,8N40,oP?- H^: 439.04. 

* 

25 - EXAMPLE 129 

r4-Amino-7-f2-C-methvl-6-D-ribofiir anosvn-7i/-pvrrolor2.3-rfl-pYrimidinel-5'- 
triphosphate 
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o o o 

" l» " 

HO-P~0-P-0-P-0 
HO HO HO 




HO t)H 



To the compound from Step F of Example 62 (20 mg, 0.07 mmol) 
(dried by coevaporation with pyridine and sev^ times with toluene) was added 
trimethy] phosphate (stored over sieves) (0.4 mL), The mixture was stirred overnight 
5 in a sealed container. It was then cooled to O'^C and phosphorous oxychloride (0.0070 
mL, 0.075 mmol) was added via syringe. The mixture was stirred for 3 h at O^C, then 
tributylamine (0.083 mL, 0.35 nmiol), tributylanmK>nium pyrophosphate (0.35 mmol, 
127 mg) and acetonitrile (stored over sieves) (0.25 mL) were added The mixture was 
stirred for an additional 30 min at O^'C, the sealed vial was Oien opened and the 
10 reaction quenched by addition of TEAS (IM) (0.5 mL) and water (5 mL). The 

reaction mixture was purifie^^ and analyzed according to the procedure described in 
Example 87. 

ES-MS: Found: 519.0 (M-H*), calc. for Ci2H,9N40i3P3- H^: 519.01. 
15 EXAMPLE 130 

7-r2-C-methvl-6-I>ribofu ranosvlV7//-pviTolor23-<flDvrimidin-4GgV^e 




To the compound from Step E of Example 62 (59 mg, 0.18 mmol) was 

■ 

20 added aqueous sodium hydroxide (IM). The mixture was heated to reflux for Ihr, 
cooled, neutralized with aqueous HCl (2M) and evaporated in vacuo . The residue 
. was purified on silica gel using dichloromethane/metiianol (4:1) as eluent. Fractions 
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5 



20 



containing the product were pooled and evaporated in vacuo to give the desired 
product (53 mg) as a colorless oil. 

IH NMR (CD3CN): 8 0.70 (s. 3H), 334-4.15 (overlapping m. 7H). 6.16 (s, IH), 6.57 
(d. 3.6 Hz, IH), 7.37 (d, 3.6 Hz, IH), 8.83 (s, IH). 

EXAMPLE 131 



4-Amino-5-chloro-7-(2-C-methvl-p.I>-ri bofiganosvlV7^-pvrrolor23-tnpvrimidi 



me 




H(5 t)H 

^ ^ To a pre-coofed solution (0°C) of the compound fiom Step F of 

Example 62 (140 mg, 0.50 mmol) in DMF (2.5 mL) was added A^chloiosuccinimide 
(0.075 g, 0.55 mmol) in DMF (0.5 mL) dropwise. The solution was stirred at rt for Ih 
and the reaction qufcnched by addition of methanol (4 mL) and evaporated in vacuo. 
The crude product was purified on silica gel using methanol/dichloromethane (1:9) as 

15 eluent. Fractions containing the product were pooled and evaporated in vacuo to give 
the desired product (55 mg) as a colorless solid. 

IH NMR (CD3CN): 5 0.80 (s, 3H), 3.65-4.14 (overlapping m, 7H), 5.97 (s br, 2H), 
6.17 (s. IH), 7.51 (s, IH), 8.16 (s, IH). 

ES-MS: Found: 315.0 (M+H*), calcfor C,2H,5C1N404 + H": 315.09. 



EXAMPIJB132 



4-Amino-5-bromo-7-(2-C-m ethvl-6-D-ribQfmanosvlV7W-DviTolor2.3-/f1p vrimiHinP 
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10 



15 




To a pre-cooled solution (0°C) of flie compound from Step F of 
Example 62 (28 mg. 0.10 mmol) in DMF (0.5 mL) was added A^-bromosuccinimide 
(0.018 g. 0.10 mmol) in DMF (0.5 mL) dropwise. The solution was stiired at CC for 
20 min, then at rt for 10 min. The reaction was quenched by addition of methanol (4 
mL) and evaporated in vacuo. The crude product was purified on silica gel using 
methanol/dichloromethane (1:9) as eluent. Fractions containing the product were 
pooled and evaporated in vacuo to give the desired product (13.0 mg) as a colorless 
solid. 

IH NMR (CD3CN): 5 0.69 (s, 3H), 3.46-4.00 (overlapping m, 7H). 5.83 (s hr. 2H), 
6.06 (s, IH), 7.45 (s, IH). 8.05 (s. IH). 

ES-MS: Found: 359.1 (M+H*), calcfor C,2H,5BrN404 + iT: 359.04. 

EXAMPLE 133 

2-Amino-7-f2-C-methvl-p-n-ribofurannsvl V7g-pvrrolor2,3-<flp vrimidinft 




A mixture of 2-amino-4-chloro-7-(2-C-methyl-p-D-ribofuranosyl>7jy- 
pym)lo[2,3-rflpyriniidine (Example 118, Step B) (20 mg, 0.07 mmol) in EtOH (1.0 
20 mL), pyridine (0. 1 mL) and 10% Pd/C (6 mg) under H2 (atmospheric pressure) was 
stirred overnight at room temperature. The mixture was filtered tfirough a Celite pad 
which was thorougly washed widi ROR The combined filtrate was evaporated imd 



-157- 



wo 02/057425 PCT/US02/01531 



purified on a silica gel column with CH2Cl2/MeOH, 20/1 and 10/1, as eluent to give 
the title compound as a white solid (16 mg). 

IH NMR (200 MHz. CD3OD): 6 0.86 (s, 3H, 2^C.Me), 3.82 (dd, 75-4 = 3.6 Hz, Jy^^ = 
12.7 Hz, IH, H-5'), 3.94^.03 (m, 2H, H-5\ 4.10 (d, 73-4'= 8.8 Hz, IH, H-3'). 
5 6.02 (s, IH, H-1 6.41 (d, /5.6 = 3.8 Hz, IH, H-5), 7.39 (d, IH, H-6), 8.43 (s, IH, H- 
4). ESMS:281.4(M}r). 

EXAMPLE 134 

10 2-Amino-5-methvl-742-C. 2>0^dimethvl..p.D>riboftiTanosvlV7g-DW^^ 
tflpvrimidin-4f3g>-one 



Me Q 




Step A: 2-AiDino-4-c hloro>7-r3-5>bis-Q-f2,4KiichlorophenvhnethvlV2-C-. 

methvl-B-D-ribo furanosvll-S>methvl-7H-pvrrolor2,3-^£/lpvrimidine 

15 To an ice-cold solution of the product from Step C of Example 62 

(1.57 g, 3.16 mmol) in CH2CI2 (50 mL) was added HBr (5.7 M in acetic acid; 3.3 mL) 
dropwise. The reaction mixture was stirred at 0°C for 1 h and then at room 
temperature for 2 h, concentrated in vacuo and co-evaporated with toluene (2 x 20 
mL). The resulting oil was dissolved in MeCN (20 mL) and added dropwise to a 

20 solution of the sodium salt of 2-amino-4-chloro-5-methyl-li/-'pyrroIo[2,3- 

djpyrimidine in acetonitrile [generated in situ from 2-amino-4-chloro-5-methyl-m- 
pyrrolo[2,3-£Gpyrimidine [for preparation, see Liebigs Ann. Chem . 1984: 708-721] 
(1.13 g, 6.2 mmol) in anhydrous acetonitrile (150 mL), and NaH (60% in mineral oil, 
248 mg, 6.2 mmol), after 2 h of vigorous stirring at rt]. The combined mixture was 

25 stirred at rt for 24 h and then evaporated to dryness. The residue was suspended in 
water (100 mL) and extracted with EtOAc (300 + 150 mL). The combined extracts 
were washed with brine (100 mL), dried over Na2S04. filtered and evaporated. The 
crude product was purified on a silica gel column (5x7 cm) using ethyl 
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acetate/hexane (0 to 30% EtOAc in 5% step gradient) as the eluent. Fractions 
containing the product were combined and evaporated in vacuo to give the desired 
product (0.96 g) as a colorless foam. 

5 StepB: 2-Amino-4-chloro-7>r3,5-bis>0>f2.4-dichlorophenvlmetfavlV2>C.2-0- 

. dimethvl-P-D-ribofaraDosvll>5-methvl-7g-pvm)lor2,3-^P Yri 
To an ice-cold mixture of the product from Step A (475 mg, 0.7 mmol) 
in THF (7 mL) was added NaH (60% in mineral oil, 29 mg) and stirred at 0 ""C for 0.5 
k Then Mel (48 nL) was added and reaction mixture stirred at rt for 24 h. The 
. 10 reaction was quenched with MeOH and the mixture evaporated. The crude product 
was purified on a silica gel column (5 x 3.5 cm) using hexane/ethyl acetate (9/1, 7/1, 
5/1 and 3/1) as eluent Fractions containing the product were combined and 
evaporated to give the desired compound (200 mg) as a colorless foam. 

15 Step C: 2-Amino>7-r 3.5-bis-0-f2-4-dichlQrop h envlmethvlV2-C.2-OKlimethvl> 

B'D-nT>ofurahos vn-5-methvl-7g-pvn^olor23>^/lDvrimidine^^^ 
A mixture of;the product from Step B (200 mg, 0.3 mmol) in 1,4- 
dioxane (15 mL) and aqueous NaOH (2N, 15 mL) in a pressure bottle was heated 
overnight at 135 ""C. ITie mixture was then cooled to 0 ""C, neutralized with 2N 

20 aqueous HCl and evaporated to dryness. The crude product was suspended in MeOH, 
filtered, and the solid thoroughly washed with MeOH. The combined filUrate was 
concentrated, and the residue purified on a silica gel column (5x5 cm) using 
CH2a2/MeOH (40/1, 30/1 and 20/1) as eluent to give the desired compound (150 mg) 
as a colorless foam. 

25 

Step D: 2-Anaino-5>methvl>7-f2-C.2-Q>>dimethvl>B-D-ribofiiranosvn^ 

pvrrolor23~rflpvrimidin-4f3ffl-one 

A mixture of the product from Step C (64 mg, 0.1 nrniol) in MeOH (5 
mL) and EtsN (0.2 mL) and 10% Pd/C (24 mg) was hydrogenated on a Parr 
30 hydrogenator at 50 psi at r.t. for 1.5 days, then filtered through a Celite pad which was 
thoroughly washed with MeOH. The combined filtrate was evaporated and the 
residue purified on a silica gel column (3x4 cm) with CH2Cl2/MeOH (30/1. 20/1) as 
eluent to yield 2-amino-5-methyl-7-(5-0-ben2yl-2-C,2-0-dimethyl-P-D- 
riboluranosyl)-7H-pyrrolo[2,3-d]pyrimidin-4(3fl)-one. The compound (37 mg) was 
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further hydrogenated in EtOH (2 mL) with 10% Pd/C and under atmospheric pressure 
of hydrogen. After stirring 2 days at r.t., the reaction mixture was filtered through 
Celite, the filtrate evaporated and the crude product purified on a sihca gel column (1 
X 7 cm) with CHaClj/MeOH (30/1, 20/1 and 10/1) as eluent to yield the title 
compound (12 mg) after freeze-drying. 

IH NMR (200 MHz. CD3OD): 5 0.81 (s. 3H, 2'C-Me). 2.16 (d, J„^.c5.Me = 13 Hz, 
3H, C5-Me), 3.41 (s. 3H, 2'-OMe), 3.67 (dd. Jsm- 3.4 Hz, 75'.y' = 12.6 Hz, IH. H-5'). 
3.81-3.91 (m, 3H, H-5", H-4', H-3'), 6.10 (s, IH H-l'), 6.66 (d. IH, H-6). 
ES MS: 323.3 (M-H)*. 

EXAMPLE 135 



20 



25 



4-Amino-5-methvl-7-r2-C- methvl-B-D-rihofuranosvlV7g-Dvriolor2.3-JlDvrimidin e 

Me NH2 




15 Step A: 



4-Chloro-7-r3.5-bis -C>-(2.4-dichloroDhenvlmethvl)-2-C-methvl-P-D- 
ribofuranosvn-5-meth vl-7H-pvrmlor2.3-<flp vrimidinft 
To an ice-cold solution of the product from Step C of Example 62 
(1.06 g, 2.1 nmiol) in CH2CI2 (30 mL) was added HBr (5.7 M in acetic acid; 2.2 mL) 
dropwise. The reaction mixture was stirred at 0 °C for 1 h and then at room 
temperature for 2 h, concentrated in vacuo and co-evaporated with toluene (2x15 
mL). The resulting oil was- dissolved in MeCN (10 mL) and added dropwise into a 
solution of the sodium salt of 4-chloro-5-methyl-l/f-pynolo[2,3-d]pyrimidine in 
acetonitrile [generated in situ from 4-chloro-5-methyI-lH-pyrTolo[2,3-</)pyrimidine 
[for preparation, see J. Med. Chem. 33: 1984 (1990)] (0.62 g. 3.7 mmol) in anhydrous 
acetonitrile (70 mL), and NaH (60% in mineral oil, 148 mg, 3.7 mmol), after 2 h of 
vigOTOus stirring at rt]. The combined mixture was stirred at rt for 24 h and then 
evaporated to dryness. The residue was suspended in water (100 mL) and extracted 
with EtOAc (250 + 100 mL). The combined extracts were washed with brine (50 
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mL), dried over NazSO*. filtered and evaporated. The crude product was purified on a 
silica gel column (5x5 cm) using hexane/ethyl acetate (9/1, 5/1, 3/1) gradient as the 
eluent. Fractions containing the product were combined and evaporated in vacuo to 
give the desired product (0.87 g) as a colorless foam. 

5 

S^gP 4-Chloro-5-methvl-7-r2-r-m ethvl-B-I%rihofiganosvlV7f/-py rTnlnr7 ]-^. 

rflpvrimidine 

To a solution of the compound from Step A (0.87 g, 0.9 mmol) in 
dichloromethane (30 mL) at -78°C was added boron trichloride (IM in 

10 dichloromethane, 9.0 mL, 9.0 mmol) dropwise. The mixture was stirred at -78°C for 
2.5 h, then at -30X to -ZO^C for 3 h. The reaction was quenched by addition of 
methanol/dichloromethane (1:1) (9 mL) and the resulting mixture stirred at -15°C for 
30 min., then neutralized with aqueous ammonia at OX and stirred at rt for 15 min. 
The solid was filtered and washed with CHzClj/MeOH (1/1, 50 mL). The combined 

15 filtrate was evaporated, and the residue was purified on a silica gel column (5x5 cm) 
using CH2CI2 and CHzClj/MeOH (40/1 and 30/1) gradient as the eluent to fumish the 
desired compound (0.22 g) as a colorless foam. 

5iSE£i 4-Amino-S-methvl-7-f2-r. methvl-B-D-riholuranosvlV7f/-pvrrolor2.3- 
20 ^pvrimidine 

To die compound firam Step B (0.2 g, 0.64 mmol) was added 
methanolic ammonia (saturated at O^C; 40 mL). The mixture was heated in a stainless 
steel autoclave at 100»C for 14 h. then cooled and evaporated in vacuo. The crude 
mixture was purified on a silica ^1 column (5x5 cm) with CHaCla/MeOH (50/1, 
25 30/1 , 20/ 1) gradient as eluent to give the title compound as a white solid (0. 12 g). 
IH NMR (DMS0-4j): 6 0.60 (s, 3H, 2'C-Me), 2.26 (s, 3H, 5C-Me). 3.52-3.61 (m, 
IH, H-5'). 3.70-3.88 (m, 3H, H-5", H-4', H-3'), 5.00 (s, IH, 2'-OH), 4.91-4.99 (li 
3H. 2'-OH, 3'-OH, 5'-0H), 6.04 (s. IH, H-1 '), 6.48 (br s, 2H, NHj), 7.12 (s, IH, H- 
6), 7.94 (s, IH, H-2). ES MS: 295.2 (MH*). 



30 



EXAMPLE n6 

4-Amino-7-f2-C-methvl-p- D-ribofiiranosvn-7//-pviTnlnr2.3-JlDvrimidine-5- 
carboxvlic acid 
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HO 




Hd 'bH 




a mixture of aqueous ammonia (4 mL, 30 wt %) and saturated methanolic ammonia (2 
mL), and a solution of H2O2 in water (2 mL, 35 wt %) was added. The reaction 
5 mixture was stirred at room temperature fori 8 h. Solvent was removed under 

reduced pressure, and the residue obtained was purified by HPLC on a reverse phase 
column (Altech Altima C-18, IQx 299 mm, A = water, B = acetonitrile, 10 to 60 % B 
in 50 min, flow 2 mL/min) to yield the title compound (0.015 g, 41 %) as a white 
solid. % 



10 IH NMR (CD3QD): 8 0.85 (s, 3H. Me), 3.61 (m, IH), 3.82 (m, IH) 3.99-4.86 (m, 
2H). 6.26 (s, IH), 8.10 (s, 2H) 8.22(s, IH); "C NMR (CD3OD): 20.13, 61.37, 73.79, 
80.42, 84.01, 93.00, 102.66, 112.07, 130.07, 151.40, 152.74, 159.12, 169.30. 
HRMS (FAB) Calcd for C,3H,7N406* 325.1 148, found 325.1 143. 



15 



EXAMPLE 137 



4-Amino-7-(2-C-vinvl-B-D-ribofuranosvlV-7g-pvnx)lor2.3-£flDvrimidine 




NH2 



HO 



Step A: 



3.5-Bis-0-f2.4-dichlorophenvlmethvn-2-C-vinvl-l-C)-methvl-a-D- 
ribofuranose 



20 



-162- 



wo 02/057425 



PCT/US02/01531 



Cerium chloride heptahydrate (50 g, 134.2 mmol) was finely crushed 
in a pre-heated mortar and transferred to a round-bottom flask equipped with a 
mechanical stirrer The flask was heated under high vacuum overnight at leO'^C. The 
vacuum was released under argon and the flask was cooled to room temperature. 
5 Anhydrous THF (300 mL) was cannulated into the flask. The resulting suspension 
. was stirred at room temperature for 4 h and then cooled to -78 °C. Vinytaiagnesium 
bromide (IM in THF, 120 mL, 120 nmiol) was added and stirring continued at -78 
for 2 h. To this suspension was added a solution of 3,5-bis-0-(2,4- 

dichlorophenylmethyl)-lH3-methyl-a-D-erythro-pentofuranose-2-ulo^^ (14 g, 30 
10 mmol) [from Example 2, Step B] m anhydrous THF (100 mL), dropwise with 
constant stirring. The reaction was stirred at -78 ""C for 4 h. The reaction was 
quenched with saturated ammonium chloride solution and allowed to come to room 
temperature. The mixture was filtered through a celite pad and the residue washed 
with Et20 (2 X 500 mL). The organic layer was separated and the aqueous layer 
15 extracted with EtzO (2 x 200 mL). The combined organic layeis were dried over 
anhydrous Na2S04 and concentrated to a viscous yellow oil. The oil was purified by 
flash chromatography (SiO2,;:10% EtOAc in hexanes). The title compound (6.7 g, 
13.2 mmol) was obtained as a pale yellow oil. 

20 StepB: 4-ChIoro>7-r 3,5~bis.>0-r2,4-dichlorQp h envlmethvlV2-C-vinvl-P-D- 

ribofuranosvl l-7g-pvrrolof2.3-rflp vrimidtne 
To a solution of the compound from Step A (6.4 g, 12.6 mmol) in 
anhydrous dichloromethane (150 mL) at -20 was added HBr (30% solution in 
AcOH. 20 mL, 75.6 nmiol) dropwise. The resulting solution was stirred between 

25 -lO^'C and O'^C for 4 h, evaporated in vacuo and co-evaporated with anhydrous 

toluene (3 x 40 mL). The oily residue was dissolved in anhydrous acetonitrile (100 
mL) and added to a solution of the sodium salt of 4-chloro-l//"pyirolo[2,3- 
rflpyrimidine (5.8 g, 37.8 mmol) in acetonitrile (generated in situ as described in 
Example 62) at -20 "^C. The resulting mixture was allowed to come to room 

30 temperature and stiired at room temperature for 24 h. The mixture was then 

evaporated to dryness, taken up in water and extracted with EtOAc (2 x 300 mL). 
The combined extracts were dried over Na2S04, filtered and evaporated. The crude 
mixture was purified by flash chromatography (SiOj, 10% EtOAc in hexanes) and the 
title compound (1.75 g) isolated as a white foam. 
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Step C: 4>Amino-7-r3,5-bis-0-(2.4>dichlorophenvlmethvlV2>C-vinvI-p.D- 

ribofu^anosvl^^7g-pvr^olo^23■^/lpvrimidine 
The compound from Step B (80, mg) was dissolved in the minimum 
amount of 1,4-dioxane and placed in a stainless steel bomb. The bomb was cooled to 
5 -78^C and liquid ammonia was added The bomb was sealed and heated at 90^C for 
24 h. The ammonia was allowed to evaporate and the residue concentrated to a white 
. solid which was used in the next step without further purification. 

Step D: 4-Amino-74 2-C-vinvl->B>D-ribofuranosvlV7/f-pvirolor2,3- 
10 ^pvrimidine 

To a solution of the compound from Step C (60 mg) in 
dichloromethane at -78 was added boron trichloride (IM in dichloromethane) 
dropwise. The mixture was stined at -78 X for 2.5 h, then at -30 X to -20 °C for 
3h. The reaction was quenched by addition of methanol/dichloromethane (1:1) and 

15 the resulting mixture stirred at -15 °C for 0.5 h, then neutralized with aqueous 

ammonia at 0°C and stirred at room temperature for 15 min. The solid was filtered 
and washed with methanolAfichloromethane (1:1). The combined filtrate was 
evaporated and the residue purified by flash chromatography (SiOa, 10% methanol in 
EtOAc containing 0.1% triethylamine). The fractions containing the product were 

20 evaporated to give the title compound as a white solid (10 mg). 

IH NMR (DMSade): 5 3.6 (m, IH, H-S'), 3.8 (m, IH, H-5"), 3.9 (m d. 1-H, 
4.3 (t, IH, fr3'), 4.8.5.3(m, 6H, CH=CH2, 2'-OH, 3*-OH, 5^0H) 6.12 (s, IH, H-l'), 
6.59 (d, IH, H-5), 7.1 (br s, IH, NH2), 7.43 (d, IH, H-6), 8.01 (s, IH, H.2). 
ES-MS: Found: 291.1 (M-ff); calc. for C13HJ6N4O4 - H": 291.2. 

25 

EKAMPUB 138 

4>Amino-7-(2-C-hvdrDXvmethYl.. p^D-ribofuranosvlV7H-pvrrolor23>rflp vrimi 
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Step A: 4-ailoro-743.5-bis-Q-f2-4>dichlorophenvlmethvlV2-C^ 

hvdroxvmethvl-B- l>ribofaranosvll-7g-pvrrDlor^ 
To a solution of the compound from Example 1 37, Step B (300 mg. 
5 0.48 mmol) in 1 ,4-dioxane (5 mL) were added iV-methylmoipholine-iVoxide (300 mg, 

2.56 mmol) and osmium tetroxide (4% solution in water, 0.3 mL). The mixture was 

■ 

stirred in the dark for 14 h. The precipitate was removed by filtration through a celite 
plug, diluted with water (3 x), and extracted with EtOAc. The EtOAc layer was dried 
over Na2S04 and concentrated in vacuo. Hie oily residue was taken up in 

10 dichloromethane (5 mL) and stirred over NaI04 on silica gel (3 g, 10% NaI04) for 12 
h. The silica gel was removed by filtration and the residue was evaporated and taken 
up in absolute ethanol (5 mJL). The solution was cooled in an ice bath and sodium 
borohydride (300 mg, 8 mmol) was added in small portions. The resulting mixture 
was stirred at room temperature for 4 h and then diluted with EtOAc. ITie organic 

15 layer was washed with water (2 x 20 mL), brine (20 mL) and dried over Na2S04. The 
solvent was evaporated and the residue purified by flash chromatography (Si02, 2: 1 
hexanes/EtOAc) to give the title compound (160 mg, 0.25 mmol) as white flakes. 

♦ 

♦ ■ 

Step B: 4~Amino-743.5-^bis>0-(2.4-dichlorophenvlmedivn-2-C- 
20 hvdroxvmet hvl-B>D-ribofiiranosvlV7H^pviTolor23-^Dvrimidine 

The compound from Step A (150 mg, 0.23 mmol) was dissolved in the 
minimum amount of 1,4-dioxane (10 mL) and placed in a stainless steel bomb. The 
bomb was cooled to -78 "^C and liquid ammonia was added. The bomb was sealed 
and heated at 90°C for 24 h. The ammonia was allowed to evaporate and the residue 

__ _ m 

25 concentrated to a white solid which was used in the next step without further 
purification. 
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10 



StepC: 



4-Aminfw7-(?-r-hY/ toxvmethvl-B-D-ribofuranosvlV7Jy-] 

^ pY Timidinft 

The compound from Step B (120 mg, 0.2 mmol) was dissolved in 1 : 1 
methanol/dichloromethane. 10% Pd-C was added, and the suspension stirred under an 
H2 atmosphere for 12 h. The catalyst was removed by filtration through a celite pad 
and washed with copious amounts of methanol. The combined filtrate was 
evaporated in vacuo and the residue was purified by flash chromatography (Si02, 10% 
methanol in EtOAc containing 0.1% triethylamine) to give the title compoimd (50 
mg) as a white powder. 

IHNMR (CD3OD): 5 3.12 (4 IH, CH2'), 333 (d, IH. CH2"). 3.82 (m, IH, H.5'). 
3.99-4.1(m. 2H, H-4'. H-5"), 4.3 (d. IH, H-3'). 6.2 (s, IH, H-l'), 6.58 (d. IH. H-5). 
7.45 (d. IH, H-6), 8.05 (s, IH, H-2). 

LC-MS: Found: 297.2 (M+H*); calc. for C12H16N4O5 + H*: 297.3. 



15 



EXAMPLE 139 



20 



25 



4-Amino-7-(2-C-fluorometfeyl-6-l%rihn ftiranosvlV7^-DvrrolQr2.3wflDvrim^ 




Step A: 



4-CfaIoro-7-r3.5-bis-0-r2. 4-dichlQrophenvhpethvl%2-C-fluQromethvl- 

* 

B-D-ribofuranosvn-7ff- pvrrolor2.3wf]Dvrimidine 
To a solution of the compound from Example 138, Step A (63 mg, 0. 1 
mmol) in anhydrous dichloromethane (5 mL) under argon, were added 4- 
dimethylaminopyridine (DMAP) (2 mg, 0.015 mmol) and triethylamine (62 (iL, 0.45 
mmol). The solution was cooled in an ice bath and p-toluenesulfonyl chloride (30 
mg, 0.15 mmol) was added. The reaction was stirred at room temperature overnight, 
washed witii NaHCOs (2 x 10 mL), water (10 mL), brine (10 mL), dried over Na2S04 
and concentrated to a pink solid in vacuo. The solid was dissolved in anhydrous THF 
(5 mL) and cooled in an icebath. Tetrabutylammonium fluoride (IM solution in THF, 
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.1 mL, 1 nunol) was added and the mixture stined at room temperature for 4 h. The 
solvent was removed in vacuo, the residue taken up in dichloromethane, and washed 
with NaHCOa (2 x 10 mL), water (10 mL) and brine (10 mL). The dichloromethane 
layer was dried over anhydrous Na^S04, concentrated in vacuo, and purified by flash 
5 chromatography (SiOa, 2:1 hexanes/EtOAc) to afford the title compound (20 mg) as a 
white solid. 

StepB: 4-Amino-7-r3,5-bis--042.4 -dichlorophenvlmethvlV2-C>fluoromethv^ 

B-D-ribofur anosvll-7/^-pvrrolor2.3-^pvriniidine 
* The compound from Step A (1 8 mg, 0.03 mmol) was dissolved in the 

mimmum amount of 1,4-dioxane and placed in a stainless steel bomb. The bomb was 
cooled to -78 "^C and liquid axnmonia was added. The bomb was sealed and heated at 
90 °C for 24 h. The anmionia was allowed to evaporate and the residue concentrated 
to a white solid which was used in the next step without further purification. 

15 

« 

Step C: 4-Amino-7-f 2-C-fluoromethvl-B-D-rihnfuraDOsvlV7tf-DviTolof2.3- 

^pyrimidine ; 

m 

The compound from Stq> B (16 mg) was dissolved in 1:1 
methanol/dicliloromethane, 10% Pd-C was added, and the suspension stirred under an 
20 H2 atmosphere for 12 h. The catalyst was removed by filtration through a celite pad 
and washed with cc^ious amounts of methanol. The combined filttate was 
evaporated in vacuo and the residue was purified by flash chromatography (SiC)2, 10% 
methanol in EtOAc containing 0.1% triethylamine) to give the title conqwund (8 mg) 
as a white powder. 

25 IH NMR (DMSO-de): 5 3.6-3.7 (m, IH, H-5'). 3.8 - 4.3 (m, 5H, H-5", H-4'. H-3', 
CH2) 5.12 (t, IH. 5*-OH), 5.35 (d, IH, 3'-OH), 5.48 (s, IH. 2'-0H). 6.21 (s, IH. H- 
V), 6.52 (d, la H-5). 6.98 (hr s, 2H, NH2). 7.44 (d, I H, H-6), 8.02 (s, IH, H-2). 
19f NMR (DMS0-d6): 6 -230.2 (t). 

ES-MS: Found: 299.1 CM+H^, calcfor Ci2Hi5l<N404 + H*: 299.27. 

30 

EXAMPLES 140 and 141 
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10 



15 



25 



4^AniiDo-7-(3Hieoxv-2-C-methVl-B-n-rihn fia3nosvlV7g.Dvno^ 

and4-amino7-(3-deoxv-2 -C-metbvl-p-D-arabinofMi^osvlV7g-Dvrrolor2.3-//I- 
pvrimidine 




CH, 



5 Step A: 



7-r2.5-Bis- 0-ftert-biitvldimethvlsilvn-B-D-ribofuranosvll-7H- 
■ OVrrolor2.3-^Dvrimidine a nd 7-r3.5.Bis-0-(terf-butvldimethvlsitvlVp- 
D-ribofmm osvll-7H-pvrrolor2.3-<fip vriniidinft 
To a stirred splution of tubeicidin (5.0 g, 18.7 mmol) in a mixture of 
pyridine (7.5 mL) and DMI^(18.5 mL) was added silver nitrate (636 g, 38.8 mmol). 
This mixture was stirred at room temperature for 2 h. It was cooled in an ice bath and 
THF (37.4 mL) and teft-butyldimethylsilyl chloride (5.6 g, 37 mmol) was added and 
the mixture was stirred at room temperature for 2 h. The mixture was then filtered 
through a pad of celite and washed with THF. The filtrate and washings were diluted 
with edier containing a small amount of chloroform. The organic layer was washed 
successively with sodium bicarbonate and water (3 X 50 mL), dried over anhydrous 
sodium sulfate and concentrated. The pyridine was removed by coevaporation with 
toluene and the residue was ptmfied by flash chromatography on silica gel using 5-7% 
MeOH in CH2CI2 as the eluent; yield 3.0 g. 



20 Step B: 



7-r2.5-Bis-0-Cfgrt-hii tvldimethvlsilvn-BrD.ribofiiranosvm-4-fdi-(4- 
methoxvphenvI')Dhenv] methvnamino-7g-pvrrolor2.3-rflpvrimidine anrt 
7-r3.5-bis-Q-(tert-butvldim ethvlsiIvn-B-D-ribofuranosvn-4-rdi-r4- 
methoxvphenvl'>phenvl methvl1 amin o-7g-pvrrolof2.3-<f|p yriTniHmft 
. To a solution of mixture of the compounds from Step A (3.0 g, 6.0 
mmol) in anhydrous pyridine (30 mL) was added 4,4'-dimethoxytrityI chloride (2.8 g, 
8.2 mmol) and the reaction mixture was stirred at room temperature ovemighL The 
mixture was dien triturated with aqueous pyridine and extracted with ether. The 
organic layer was washed with water, dried over anhydrous sodium sulfate and 
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15 



25 



concentrated to a yellow foam (5.6 g). The residue was purified by flash 
chromatography over silica gel using 20-25% EtOAc in hexanes as the eluent. The 
appropriate fractions were collected and concentrated to furnish 2'^'-0-bis-0-(/er/- 
butyldimethylsilyl). and 3\5'-bis-0-(rert.butyldimethylsilyl) protected nucleosides as 
colorless foams (2.2 g and 1.0 g, respectively). 



Step C: 



7>r2,5-Bis--0>r/grf>hii tvldimethvlsilvl)-3-0>tQSYl'B-D-ribofuranosYl^^ 

4-rdi-(4-methoxvphenvlV hcnvlmethv]1amino-7j?-p vrTolor2,3- 
cnpvrimidine 

To an ice-cooled solution of 2',5*-bis-0-(/erf-butyldimethylsilyl)- 
protected nucleoside firom Step B (2.0 g, 2.5 mmol) in pyridine (22 mL) was added p. 
toluenesulfonyl chloride (1.9 g. 9.8 mmol). The reaction mixture was stirred at room 
temperature for four days. It was then triturated with aqueous pyridine (50%, 10 mL) 
and extracted with ether (3 x 50 mL) containing a smaU amount of CH2CI2 (10 mL). 
The organic layer was washed with sodium bicarbonate and water (3 x 30 mL). The 
organic layer was dried overlanhydrous Na2S04 and concentrated Pyridine was 
removed by co-evaporation with toluene (3 x 25 mL). The residual oil was filtered 
through a pad of silica gel using hexanerethyl acetate (70:30) as eluent; yield 1.4 g. 



20 Step D: 



4>rdi>(4-methQxvphe nvnphenvhnethvllamitifv-7-r3-0-tosvl-p-D> 
ribofuranos vl-7H-pvrrolQr23-J1pvrimidme 

A solution of the compound from Step C (1.0 g, 1.1 mmol) and THF 
(10 mL) was stirred with tetrabutylammonium fluoride (IM solution in THF, 2.5 mL) 
for 0.5h. The mixture was cooled and diluted with ether (50 mL). The solution was 
washed with water (3 x 50 mL), dried over anhydrous Na2S04, and concentrated to an 
oil. The residue was purified by passing through a pad of silica gel using hexane: 
ethyl acetate (1:1) as eluent; yield 780 mg. 



30 



35 



StepE: 



4-Amincy-7-(3-deox y-2-C«methvl-B-D-riboiuranosvlV7g--pvrrolor2.3- 
d\' pvrimid ine and 4>amina-7-G>deoxv^2-C-methvl-fUD> 

arabinofurannsyl)>7 ff.pvrrolo-r23-6npvrimidine 

A solution of CHsMgl (3.0 M solution in ether, 3.0 mL) in anhydrous 

toluene (3.75 mL) was cooled in an ice bath. To this was added a solution of 

thecompound fix)m Step D (500 mg, 0.8 mmol) in anhydrous toluene (3.7 mL). The 

resulting mixture was stirred at room temperature for 3.5 h. It was cooled and treated 
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with aqueous NH4CI solution and extracted with etha: (50 mL containing 10 mL of 

CH2CI2). The organic layer was s^arated and washed with brine (2 x 30 mL) and 

water (2 x 25 mL), dried over anhydrous Na2S04 and concentrated to an oil which 

was purified by flash chromatography on silicai gel using 4% MeOH in CH2CI2 to 

fiimish the 2-C-a-methyl compound (149 mg) and the 2-CrP-methyl compound (34 

mg). These derivatives were separately treated with 80% acetic acid and the reaction 

mixture stirred at room temperature for 2.5 h. The acetic acid was removed by 

repeated co-evaporation with ethanol and toluene. The residue was partitioned 

between chloroform and water. The aqueous layer was washed with chloroform and 

concentrated. Hie evaporated residue was purified on silica gel using 5-10% MeOH 

in QI2CI2 as the eluent to fiimish the desired compounds as white solids. 

4-Aniino-7-r3-deoxv-2- C-metfavl-6-D-ribofiiranosvlV7fl-pvnqlor23-JlDvrimidine 
(9.0 mg): 

IH NMR (DMSO-de): 5 0.74 (s, 3H, CH3). 1.77 (dd, IH, H-3'), 2.08 (t, IH, H-3"), 

3.59 (m, IH, H-5*), 3.73 (m* IH, H-5"), 4.15 (m. IH, H-4'), 5.02 (t, IH. OH-5'), 5.33 

(s. IH, OH-2'). 6.00 (s, IH. k-r ). 6.54 (d, IH, H.7), 6.95 (br s, 2H, NH2). 7.47 (d, 

IH, H-8), 8.00 (s, IH, H-2); ES-MS: 263.1 [M-H]. 

4-AnMno-7-f3-deoxv-2- C-metbvl-B-D-arabinofiiranosvlV7H-pvn-olor2.3-J1 
(15 mg): 

IH NMR (DMSO-dfi): 5 1 23 (s, 3^ CH3). 2.08 (ddd, 2H, Hr3'and 3"), 3.57 (m, 2H, 
H-5'and 5"), 4,06 (m, IH, H-4). 5.10 (s, IH, OH-2'), 5.24 (t, IH, OH-5'). 6.01 (s, IH, 
H-1'), 6.49 (d, IH. H-7),6.89 (br s, 2H, NH2), 7.35 (d, IH H-8), 8.01 (s,lHJH-2). 
ES-MS: 265.2[M+H]. 



25 



EXAMPLE142 



4-Amino-7- (2.4-C-dimethvl-B-D-ribofuranosvlV7H-Dvrrolor2.3-^pvrimidine 




-170- 



wo 02/057425 



PCT/US02/01531 



Step A: 5-Deoxv-l ,2-O-isopropvlidene-D-xvloftiianose 

l,2-0-Isopix)pyUdene-D-xylofuranose (38.4 g, 0.2 mol), 4- 
dimethylaminopyridine (5 g), triethylamine (55.7 mL, 0.4 mol) were dissolved in 
dichloromethane (300 mL). p-Toluenesulfonyl chloride (38.13 g, 0.2 mol) was added 
5 and the reaction mixture was stined at room temperature for 2 h. The reaction 

mixture was then poured into saturated aqueous sodium bicarbonate (500 mL) and the 
two layers were separated.. The organic layer was washed with aqueous citric acid 
solution (20%, 200 mL), dried (Na2S04) and evaporated to give a solid (70.0 g). The 
solid was dissolved in dry THF (300 mL) and LiAlHi (16.0 g, 0.42 mol) was added in 
10 portions over 30 min. Hie mixture was stirred at room temperature for 15 h. Ethyl 
acetate (100 mL) was added dropwise over 30 min and the mixture was filtered 
through a silica gel bed The filtrate was concentrated and the resulting oil was 
chromatographed on silica gel (EtOAc/hexane 1/4) to afford the product as a solid 
(32.5 g). 

15 V 

StepB: 3>5-Bis-Q-(2k-dichlor6phenvlmethvn-l'0-^methvl-4-methvl-a-I^ 

ribofuranose 

Chromium oxide (50 g, 0.5 mol), acetic anhydride (50 mL, 0.53 mol) 
and pyridine (100 mL, 1.24 mol) wctb added to dichloromethane (1 L) in an ice water 

20 bath and the mixture was stined for 15 min. 5-Deoxy-l,2-£)-isopropylidene-D- 
xylofuranose (32 g, 0.18 mol) in dichloromethane (200 mL) was added, and the 
mixture was stined at the same temperature for 30 min. The reaction solution was 
diluted with ethyl acetate (1 L) and filtered through a silica gel bed. TTie filtrate was 
concentrated to give a yellow oil. The oil was dissolved in 1,4-dioxane (1 L) and 

25 formaldehyde (37%, 200 mL). The solution was cooled to O'^C and solid KOH (50 g) 
was added. The mixture was stirred at room temperature overnight and was then 
extracted with ethyl acetate (6 x 200 mL). After concentration, the residue was 
chromatographed on silica gel (EtOAc) to afford tiie product as an oil (1.5 g). The oil 
was dissolved in l-metiiyl-.2-pyrrolidinone (20 mL) and 2,4-dichlorophenylmethyl 

30 chloride (4 g, 20.5 mmol) and NaH (60%, 0.8 g) were added. The mixture was stirred 
overnight and diluted with toluene (100 mL). The mixture was then washed witii 
saturated aqueous sodium bicarbonate (3 x 50 mL), dried (Na2S04) and evaporated. 
The residue was dissolved in methanol (50 mL) and HCl in dioxane (4 M, 2 mL) was 
added. The solution was stirred overnight and evaporated. The residue was 
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chromatographed on silica gel (EtOAc/hexane:l/4) to afford the desired product as an 
oil (2.01 g). 

StepC: 3>5-Bis-Q-f2>4-^chloTOp henvlmethvlV2>4-Kfi>C-methvl-l-^ 
5 D-ribofuranose 

The product (2.0 g, 4.0 mmol) from Step B and Dess-Martin 
peiiodinane (2.0 g) in dichloiomethane (30 mL) were stirred overnight at room 
temperature and was then concentrated under reduced pressure. The residue was 
triturated with ether ether (50 mL) and filtered The filtrate was washed with a 

10 solution of Na2S203.5H20 (2.5 g) in saturated aqueous sodium bicarbonate solution 
(50 mL), dried (MgS04), filtered and evaporated. The residue was dissolved in 
anhydrous Et20 (20 mL) and was added dropwise to a solution of MeMgBr in Et20 (3 
M, 10 mL) at -78 **C. The reaction mixture was allowed to warm to -30®C and stirred 
at -30°C to -15**C for 5 h, then poured into saturated aqueous ammonium chloride (50 

15 mL). The two layers were separated and the organic layer was dried (MgS04X filleted 
and concentrated. The residue was chromatographed on silica gel (EtOAc/hexane: 
1/9) to afford the title compound as a syrup (1.40 g). 

Step D: 4-Chloro-743.5-bis-0->r2.4>dicMorDphenvlmethviV2,4-di-C-methvl-^ 

20 D-ribofuranosvll-7H-pvrrolor2.3-£flpvrimidine 

To the compound from Step C (0.70 g, 1.3 mmol) was added HBr (5.7 
M in acetic acid, 2 mL). The resulting solution was stined at room temperature for 1 
h, evaporated in vacuo and co-evaporated with anhydrous tolurae (3 x 10 mL). 
4-Chloro-ii/-pyrrolo[2,3-^/]pyrimidine (0.5 g, 3.3 mmol) and powdered KOH (85%, 

25 150 mg, 2.3 mmol) were stined in l-methyl-2-pyrrolidinone (5 mL) for 30 min and 
the mixture was co-evaporated with toluene (10 mL). The resulting solution was 
poured into the above bromo sugar residue and the mixture was stirred overnight. 
The mixture was diluted with toluene (50 mL), washed with water (3 x 50 mL) and 
concentrated under reduced pressure. The residue was chromatographed on silica gel 

30 eluting with (EtOAc/ Hexane 15/85) to afford a solid (270 mg). 

* 

StepE: 4-Amino-7-f2.4-di-C-methvl-B-D-ribofufanosvlV7g-pvnDlor2.3- 

gnpvrimidine 
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The compound from Step D (270 mg) was dissolved in dioxane (2 mL) 
and hqirid ammonia (20 g) was added in a stainless steel autoclave. TTie mixture was 
heated at 100°C for 15 h, then cooled and evaporated. The residue was 
chromatographed on silica gel (EtOAc) to afford a solid (200 mg). The solid (150 
5 mg) and Pd/C (10% 150 mg) in methanol (20 mL) were shaken under Hz (30 psi) for 
3 h, filtered and evaporated. Ihe residue was chromatographed on silica gel 
(MeOH/CHaCla: 1/9) to afford die desired product as a solid (35 mg). 
IH NMR (DMSO-d^): 8 0.65 (s, 3H), 1.18 (s, 3H). 3.43 (m, 2H). 4.06 (d, 1H./63 
Hz), 4.87 (s. IH), 5.26 (br, IH), 5.08 (d, IH, 76.3 Hz), 5.25 (t, IH. J 3.0 Hz). 6.17 (s. 
10 IH), 6.54 (d, IH, J 3.5 Hz), 6^7 (s, br, 2H), 7.54 (d, IH, / 3.4 Hz), 8.02 (s, IH). 
13c NMR (DMSO-d^: 8 18.19, 21.32, 65.38, 73.00. 79.33, 84.80, 90.66, 99.09. 
102.41,121.90,149.58,151.48.157.38. 

IC-MS: Found: 295.1 (M+H*); calculated for C,3Hi8N404+ir: 295.1 
15 , =■ EXAMPLE 

* 

4-Amin(>-7~f3-deoxv>3~fluorQ- 2-C-methv]-p.D.ribofuraDosvl^ 
rflpvrimidine 

NH2 

\ UMe 

20 Step A: 3-Deoxv-3-fluon>-l-0-met hvl.5-0.tQluovt^.D-ribofiirannsft 

1,2-0-Isopropylidene-D-xylofuranose (9.0 g, 50 mmol) and p-toluoyi 
chloride (7.0 mL, 50 mmol) in pyridine (50 mL) were stirred for 30 min. Water (10 
mL) was added and the mixture was concentrated under reduced pressure. The 
residue was dissolved in toluene (500 mL) and the solution was washed witfi water 

25 (200 mL) and saturated aqueous sodium bicarbonate (200 mL). Hie two layers wae 
separated and the organic layer was evirated. The residue was dissolved in 
methanol (100 mL) and HCl in dioxane (4 M, 10 mL) was added. The mixture was 
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stined at room temperature ovemi^t and was then evaporated under.reduced 
pressure. The resulting oil was chromatographed on silica gel (EtOAcfliexane: yi) to 
afford an oil (10.1 g). The oil was dissolved in dichloix>methane (100 mL) and 
diethylaminosulfiir tiifluoride (PAST) (5.7 mL) was added. The mixture was stined 
5 overnight and was then poured into saturated aqueous sodium bicarbonate solution 
(100 mL). The mixture was extracted with toluene (2 x 50 mL) and the combined 
organic layers were concentrated. The residue was chromatographed on silica gel 
(EtOAc/hexane: 15/85) to afford the title compound as an oil (1.50 g). 

10 SteEJB: 3-Deoxv-3-flii nro-2-C.methvl-l-0-methvl-<>-0-toluovl-a-n- 

riboforanose . 

The product from Step A (1.0 g, 3 J mmol) and Dess-Martin 
periodinane (2.5 g) in dichloromethane (20 mL) were stined overnight at room 
temperature and was then concentrated under reduced pressure. Hie residue was 

15 triturated with diethyl ether (50 mL) and filtered. The filtrate was washed with a 
solution of Na2S203.5H20 (hs g) in saturated aqueous sodium bicarbonate (100 
mL). dried (MgS04), filtered and evaporated. The residue was dissolved in anhydrous 
THF (50 mL). TiCU (3 mL) and methyl magnesium bromide in efliyl ether (3 M, 10 
mL) were added at -TS'C and the mixture was stined at -50 to -30°C for 2 h. The 

20 mixture was poured into saturated aqueous sodium bicaitonate solution (100 mL) and 
filtered through CeUte. The filtrate was extracted with toluene (100 mL) and 
evaporated. The residue was chromatographed on siUca gel (EtOAc/hexane: 15/85) to 
afford the title compound as an oil (150 mg). 

25 Step C: 4-Amino.7-(3Hteoxv-3-flunrf v2-C-methvl-p-D-ribofuranf>svlV7ff- 

PVrrolof2.3-rf1pvrimidine 

The product from Step B (150 mg, 0.5 mmol) was dissolved in HBr 
(30%) in acetic acid (2 mL). After one hour, the mixture was evaporated under 
reduced pressure and co-evaporated with toluene (10 mL). 4-Chloro-7ir-pym)lo[23- 
30 flpyrimidine (0.5 g, 33 mmol) and powdered KOH (85%, 150 mg, 2.3 mmol) were 
stined in DMF (3 mL) for 30 min and the mixture was co-evaporated with toluene (2 
mL). The resulting solution was poured into the above bromo sugar and the mixture 
was stirred ovemight. The mixture was diluted with toluene (50 mL), washed with 
water (3 x 50 mL) and concentrated under reduced pressure. The residue was 
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chromatogr^hed on silica gel (EtOAc^exane 15/85) to afford an oil (60 mg). The 
oil was dissolved in dioxane (2 mL) and liquid ammonia (20 g) was added in a 
stainless steel autoclave. The mixture was heated at 85°C for 18 h, then cooled and 
evaporated. The lesidae was chromatographed on silica gel 
5 (methanol/dichloromethane: 1/9) to afford the title compound as a solid (29 mg). 
IH NMR (DMS0-<9: 8 0.81 (s, 3H), 3.75 (m, 2H), 4.16 (m, IH), 5.09 (dd, IH, / 
53.2, 7.8 Hz). 5.26 (br, IH), 5.77 (s, IH), 6.15 (d, IH, J 2.9 Hz), 6.59 (d, IH. / 3.4 
Hz), 7.02 (s br, 2H), 7.39 (d, IH, / 3.4 Hz), 8.06 (s, IH). 
13CNMR (DMSO-df^: 19.40, 59.56, 77.24, 79.29, 90.15, 91.92, 99.88, 102,39, 
10 121.17,149.80,151.77,157.47, 

19FNMR (DMSO-rfg): 5 14.66 (m). 

ES-MS: Found: 283.1 (>I+H*); calculated for C12H15FN4O3+H*: 283,1. 



15 



EXAMPLE 144 



8-Amino-2'-C-methvladenosine 

NH2 

N 
N 



HO 

V 7 

h6 t>H 




Step A: 8-Bromo-2''C-methYladenosine 

To a solution of 2'-C-inethyladenosine [for preparation, see J. Med. 

20 Cfaem , 41: 1708 (1998)] (138 mg, 0,5 mmol) in DMF (4 mL) was added 

bromosuccinimide (231 mg, 1.35 mmol). The solution was stined protected from 
light at rt for 2 d and then evaporated in vacuo. The crude product was purified on a 
silica gel column (3 x 9 cm) using dichloromethane/methanol (25/1, 20/1 and 15/1) as 
eluent Fractions containing the product were pooled and evaporated in vacuo to give 

25 the desired product (38 mg) as a white solid. 

Step B: 8-Amina'2' -C-methvladenosine 
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A solution of the compound from Step A (38 mg, 0. 1 1 mmol) in liquid 
ammonia (10 mL) was heated in a stainless steel autoclave at 105 for 1 d, then 
cooled and ev^orated. The residue was purified by HPLC [C-18 Phaiomaiex Uma 
(10 m 250 X 212, mm) RP-column; solvents: (A) water, (B) acetonitiile; Linear 
5 gradient: 2-35% B in 76 minj to yield the title compound (12 mg) as a white fluffy 
. material after fieeze-drying. 

'H NMR (PMSO-de): 6 0.70 (s, 3H, Me). 3.55-3.75 (m, 3H. H-5\ H-5". H-4'). 4.03 
(m, IH, H-3'). 4.81 (s, IH, 2'-OH), 5.10 (d. IH, 3'-0H), 5.45 (t, 1^ 5'-OH), 5.86 (s, 
IH, H-1 '), 630, 6.39 (2s, 6H, 2 NH2), 7.78 (s, IH, H-2). 
10 . ES-MS: Found: 295.0 (M-H*). 

EXAMPLE 145 

4-Aniino-7-(2-C.2-0-dimetfavl-B -D-ribofiiranosvlV7g-yvrrolof23-rflp vrimiA^^^^ 



\_JlcH3 



15 HO OCH3 

Step A: 4-chloro-7-r3.5-bis-0-f2,4-dichlorophenvlmethvlV2-C.2-0-dimethvl- 

B-D-ribofuranosvn-7/f-pvrrolof2.3-</Ipvrimidine 
To a pre-cooled (O^'C) solution of the compound from Example 62, 
Step D (618 mg. 1.0 mmol) in THF (8 mL) was added methyl iodide (709 mg, 5.0 

20 mmol) and NaH (60% in mineral oil) (44 mg, 1. 1 mmol). The resulting mixture was 
stirred overnight at rt and then poured into a stirred mixture of saturated aqueous 
ammonium chloride (50 mL) and dichloromethane (50 mL). The organic layer was 
washed with water (50 mL), dried (MgS04) and evaporated in vacuo . The resulting 
crude product was purified on silica gel using ethyl acetate/hexane as the eluent. 

25 Fractions containing the product were pooled and evaporated in vacuo to give the 
desired product (735 mg) as a colorless foamu 



-176- 



wo 02/057425 



PCT/US02/01531 



StepB: 4>aimnc)-743,5-bis-Q--f2.4 ^chloropherivlTnethvI^^^ 

B-D>ribofura nosvlV7//-pYrrolor2.3-//lpY rimiriiTift 
To the compound from Step A (735 mg, 1.16 mmpl) was added 

methanolic ammonia (saturated at 0**C) (20 mL). The mixture was heated in a 
5 stainless steel autoclave at 80^*0 overnight, then cooled and the content evaporated in. 

vacuo . The crude mixture was purified on silica gel using ethyl acetate/hexane as the 

eluent. Fractions containing the product were pooled and evaporated in vacuo to give 

the desired product (504 mg) as colorless foam. 

■ 

10 StepC: 4-amino-7-f2-C2-0-dimethvl-B-D-ribofuranosvlV7/^pvm>l^ 

^pvrimidine 

A mixture of the product from Step C (64 mg. 0.1 mmol), MeOH (5 
mL), EtsN (0.2 mL) and 10% Pd/C (61 mg) was hydrogenated on a Parr hydrogenator 
at 50 psi at room temperature overnight. The mixture was filtered throught celite, 

15 evaporated in vacuo and filtered through a pad of silica gel using 2% methanol in 
dichloromethane as eluent The desired product was collected and evaporated in 
vacuo . The compound was redissolved in methanol (10 mL) and 10% Pd/C (61 mg) . 
was added. The mixture was hydrogenated on a Parr hydrogenator at 55 psi at room 
temperature for two weeks " The mixture was filtered through celite, evaporated in 

20 vacuo and purified on silica gel using 10% methanol in dichloromethane as eluent. 
Fractions containing the product were pooled and evaporated in vacuo to give the 
desired product (1 10 mg) as a colorless foam. 

iH NMR (DMSO-dtf): 5 0.68 (s, 3H,), 3.40 (s, 3H), 3.52-3.99 (overlapping m, 4H), 
4.92 (d, IH), 5.07 (t, IH), 6.26 (s, iH), 6.55 (d, IH), 7.00s br, 2H), 7.46 (d, IH), 8.05 
25 (s, IH). 

LC-MS: Found: 293.1 (M-H+); calc. for C12H16N4O4-H+: 293.12. 

EXAMPLE 146 
30 4-Methvlannno-742-C>methvl-B-I>ribofuraposvlV7jy-^ 



-177- 



wo 02/057425 



PCTAJS02/01531 



NHMe 



10 



HO 




1_>CH3. 



HO t>H 

The compound fiom Step E of Example 62 (200 mg, 0.67 mmol) was 
added to methylamine (5 mL condensed in a small stainless steel autoclave) and 
wanned at 85°C for 48 h, then cooled and evaporated in vacuo . The crude mixture 
was purified on a silica gel with ethanol as the eluent to give the title compound 
which separated as an amorphous solid after treatment with MeCN. The amoiphous 
solid was dissolved in wato- and lyophilized to give a colorless powder (144 mg). 
IH NMR (DMSO-dtf): 6 0.63 (s, 3H, CH3), 3.32 (s, 3H, N CH3), 3.58-3.67 (m. IH, H- 
5'). 3.79-3.39 (m, 3H, H-5",.H-4', H-3'), 5.03 (s, IH, 2'-OH). 5.04-5.11(lH3'45H. 
IH, 5'-0H), 6.14 (s, IH, H-1'). 6.58 (d, IH, Jsfi = 3.6 Hz, H-5), 7.46 (d, IH. H-6), 
7.70 (hr s, IH, NH), 8.14 (s, IH, H-2). 

LC-MS: Found: 295.1 (M-H+); calc. for C13H18N4O4+H+: 2943. 



15 



20 



EXAMPLE 147 



4-DimethvlamiDO-7-f2-C- metbvl-B-D-ribofuranosvlV7g-pvrrolor2.3wflDvrimidine 



NMe. 




The compound from Step E of Example 62 (200 mg, 0.67 mmol) was 
added to dimethylamine (5 mL condensed in a small stainless steel autoclave) and 
warmed at 85°C for 48 h, then cooled and evaporated in vacuo . The crude mixture 
was purified on a silica gel with ethanol as the eluent to give the title compound . 
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which separated as an amorphous solid after treatment with MeCN. The amoiphous 
solid was dissolved in water and lyophilized to give a colorless powder (164 mg). 
IH NMR (PMSO-de): 5 0.64 (s, 3H, CH3), 3.29 (s, 3H, N CH3), 3.32 (s, 3H. N CH3), 
3.60-3.66 (m, IH. H-5'), 3.77-3.97 (m, 3H, H-5", H-4', H-3'). 5.04 (s, IH, T^M), 
5.06-5.11 (IH, 3'-0H. IH. 5'-0H), 6.21 (s, IH, H-1'), 6.69 (d, IH. Jsjs = 3.6 Hz. H- 
5), 7.55 (d, IH. H-6). 8.13 (s. IH, H-2). 

LC-MS: Found: 309.3 (M-^H+); calc. for C14H20N4O4+H+: 308.33. 

EXAMPLE 148 

4-(^clopropvlamino-7-f2-C-methvi-B.I>- ribofuranosvlV7g-Dvrrolof23.^p w^ 




The compound from Step E of Example 62 (200 mg. 0.67 mmol) was 
added to cyclopropylamine (5 mL condensed in a small stainless steel autoclave) and 

15 wanned at 85°C for 48 h. then cooled and evaporated in vacuo . The crude mixture 
was purified on a silica gel with ethanol as the eluent to give the title compound 
which separated as an amorphous solid after treatment with MeCN. The amcnphous 
solid was dissolved in water and lyophilized to give a colorless powder (148 m^. 
IH NMR (DMSO-^): 6 0.51- 0.58 (m, 2H). 0.64 (s, 3H. CH3), 0.74- 0.076 (m. 2H). 

20 3.62-3.67 (m. IH. H-5'). 3.79-3.82 (m, 3H, H-5"), 3.92-3.96 (m, H-4', H-3'), 5.03 (s. 
IH, 2'-OH). 5.05-5. 10 (IH, 3'-OH. IH. 5'-OH), 6. 15 (s, IH, H-1 '), 7.48 (d, IH. J5.6 = 
3.6 Hz, H-5), 7.59 (d, IH, H-6), 8. 13 (s. IH, H-2). 
LC-MS: Fbund: 321.1 (M-H+); calc. for C15H20N4O4+H+: 320.3. 

25 EXAMPLE 149 

4-Amino-7-G~C-methvl> p-D-xvlofuranosvlV7/f>pvrrolof23-J]p v^ 
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HO 

HQ 




Step A: 742,5-Bis-0-(teyt-butvldimethvlsilvlVB-D-ribofi^ 

methoxvphenvndi phenvlmethvllaiirin(>-7H>pvrrolor23-<flpY ^ 
and 7-r3.5-bis>0-(rg;t-butvldimethvlsavlVB-D-ribofuim 
5 methoxvphenvndiphenvl methY]1aTni no-7H-pvirolof2,3wi^p ^^ 

To a solution of mixtuie of the compounds from Step A of Examples 
140 and 141 (0.32 g, 0.65 mmol) in anhydrous pyridine (6 mL) was added 
monomethoxytrityl chloride (0.30 g, 0.98 namol) and the reaction mixture was stirred 
at room temperature overnight. The mixture was then concentrated and the residue 
0 was partitioned between CH^a2 (70 mL) and water (20 mL). The organic layer was 
washed with water and brine, dried (N^iSOa) and concentrated. The residue was 
purified on silica gel colmnn using 5-13% EtOAc in hexanes as the eluent The 
appropriate fSractions were collected and concentrated to furnish 2*,5'-his-0-(terf- 
butyldimethylsilyl)- and 3',5'-bis-0-(/^rt-butyldimethylsilyl) protected nucleosides as 
5 colorless foams (343 mg and 84 mg, respectively). 

StepB: 7-r2.5-Bis-0-(rgrr-butvldimethvlsilvlVB-D-grv/Aro-pentofi^ 

ulosvll-4-ff4-methoxvphenvl)dipheny lmethyllam mo-7H-pvrrolor23- 
^pvrimidine 

} To a well-stirred suspension of chromium trioxide (91 rag, 0.91 mmol) 

in CH2CI2 (4 mL) at 0**C were added pyridine (147 pL, 1.82 mmol) and then acetic 
anhydride (86 pL, 0.91 mimol). The mixture was stirred at room temperature for 0.5 
h. Then the 2' ,5' -bis-b-(rg7t-butyldimethylsilyl) protected nucleoside from step A 
(343 mg 0.45 nunol) in CH2CI2 (2.5 mL) was added and the mixture stirred at room 
temperature 2 h. The mixture was then poured into ice-cold EtOAc (10 mL) and 
filtered through a short silica gel column using EtOAc as the eluent. The filtrate was 
evaporated and the residue purified on a silica gel colurxm with hexanes and 
hexanes/EtOAc (7/1) as the eluent to give the title compound (180 mg). 

-180- 



wo 02/057425 



PCT/US02/01531 



Step C: 742>5-Bis-0~f/gyt->butvldimethvlsilvlV3-C-methvl>B-D-ribofo 

4~r(4-methoxvphenvl)diphenvlmethYn aniino ^7g'pvrrolof23- 
^pvrimidine and 7-r2.5-Bis-0>agrr-butvldimethvlsilvlV3>C-methvUp> 
D-xvlofiiranosvlV4-rf4-niethoxvphenvl)dipheDvlmethvl1a^ 

5. PVrrolor23 -^pYriTniriinft 

To a mixture of MeMgBr (3.0 M solution in ether; 0.17 mL, 0.5 mmol) 
in anhydrous hexanes (1.5 mL) at room temperature was added dropwise a solution of 
the compound ftom Step B (78 mg, 0.1 mmol) in anhydrous hexanes (0.5 mL), After 
2 h stirring at room temperature, the reaction mixture was poured into ice-cold water 
10 (10 mL) and diluted with ROAc (20 mL), then filtered through Celite which was then 
thoroughly washed with EtOAc. The layers were separated and the organic layer was 
washed with brine, dried (Na2S04) and concentrated. The residue was purified on a 
silica gel column using 8 to 25% EtOAc in hexanes as eluent to give the 3-C-methyl 
xylo- (60 mg) and the 3-C-methyl ribo-isomer (20 mg). 

StepD: 4-Aminn-7. f3-C-metfavl-6-D-xvlofuianosvlV7/f-pvrrolor23- 

rflpvrimidine . 

To an ice-cold solution of 3-C-methyl-xylo isomer from Step C (60 
mg, 0.08 mmol) in THF (2 mL) was added TBAF (1 M in THF; 0.32 mL, 0.32 mmol). 

20 The reaction mixture was stirred at room temperature for 5 h, then diluted with 

CH2CI2 (50 mL), washed with water (3 x 15 mL), dried,and evaporated. The residue 
was dissolved in dioxane (0.3 mL) and 80% acetic acid (3 mL) was added. The 
reaction mixture was stirred at room temperature for 1 d and then evaporated. The 
residue was co-evaporated with dioxane, taken up in water (50 mL) and washed with 

25 CH2CI2 (2 X 10 mL). The aqueous layer was concentrated and then fre^e-dried. The 
residue was purified on silica gel column with CH2Cl2/MeOH (20/1 and 10/1) as the 
eluent to give the title compound as a white fluffy compound after fieeze drying (10 
mg). 

IH NMR (CD3CN): 5 1.28 (s, 3H, CH3), 3.56 (br s, IH, OH), 3.78 (m, 3H, H-4', H- 
30 5', Ht5"), 4.10 (br s, IH, OH), 4.44 (d, IH, Jrr = 3.9 Hz, H-2'), 5.58 (d, IH, H-D, 
5.85 (br s, 2H, NH2), 6.15 (br s, IH, OH), 6.48 (d, IH, ^5,6 = 3.7 Hz, H-5), 7.23 (d, 
IH, H-6), 8.11 (s, IH, H-2). ES-MS: 281 [MH]^ 

35 
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EXAMPLE 150 



4-Atninc>-7-(3-C-methvl-B-D-ribofuraDosvlV7/y-pvm)lor23-rf1pvrimidin 



10 




HO OH 

Hie ribo-isomer (20 mg) from Step C of Example 149 was deprotected 
using the procedure described in Step D of Example 32 to yield the title compound (4 
mg). 

IH NMR (CD3CN): 8 1.43 (s, 3H, CH3), 3.28 (br s, IH, OH). 3.58 (m, 2H, H-5', H- 
5"), 3.99 ( m, IH, H-4'), 4.10 (hr s, IH, OH), 4.62 (d, IH, Jxv = 8.1 Hz, H-2'), 5.69 
(d, IH, H-r), 5.88 (br s, 3H- OH, NH2), 6.45 (brs, IH, OH), 6.51 (d. IH. 75.6 = 3.7 
Hz, H-5), 7.19 (d, IH, H-6), 8.12 (s, IH, H-2). ES-MS: 281 [MH]*. 



15 



EXAMPLE 151 



2.4-Diaminc>-7-(2-C-metfavl-P-D-rilx>fiitanosvIV-7g-pvriDlor2.3-fflpvrimidine 




A mixture of the product from Step B of Example 1 18 (24 mg) in 
aqueous ammonia (30%, 10 mL) was heated in a stainless steel autoclave at 100 
20 ovoni^t, then cooled and evaporated. The residue was- purified on a silica gel 

column with CRzCWMbOH (10/1 and 5/1) as the eluent to afford the tide compound 
(15 mg). 
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IH NMR (DMSO-d^): 6 0.68 (s, 3H, CH3). 3.48-3.58 (m IH, H-5'). 3.68:3.73 (m, 2H, 
H-5", H-4'), 3.84 (m, IH, H-3'), 4.72 (s, IH, 2'-0H), 4.97-5.03 (m, 2H, 3'-OH, 5'- 
OH), 5.45 (br s, 2H. NHj), 6.00 (s, IH, H-1 6.28 (d, IH^ 7 = 3.7 Hz, H-S), 6.44 (br 
s, 2H, MHz) 6.92 (d, IH /= 3.7 Hz, H-6). 
5 ES MS: 294.1 (M-H*). 

EXAMPLE 152 
4-Amino-2-fluoro-7-( 2-C-methvl-6-I>ribofuranosvlV7g-pv^ 



20 




N 

10 : Hcf bh 

To a solution of HF/pyridine (70%, 2 mL) diluted with pyridine (1 mL) 
at -30 ""C is added the compound of Example 151 (60 mg, 0.2 mmol) in 0.5 mL 
pyridine followed by tert-hutyl nitrite (36 pL, 0.3 mmol). Stirring is continued for 5 
min -25 ^C. Then the solution is poured into ice-water (5 mL), neutralized with 2 N 
15 aqueous NaOH, and evaporated to dryness. Hie residue is purified on a silica gel 
column with CH2Cl2/MeOH (20/1 and 10/1) as the eluent to afford the title 
con:^)ound. 



EXAMPLE 153 



4-Aniino-5>fluoro-7-f2- C>methvl-B-D-ribofiiranosvlV7g-Dv^ 
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Step A: 4.AcetYlami po-7-f2J?.5-tri-0-acetvl-2-C-methvl-B-D-nT)ofurano5;Yl)- 

7i/-pviTOlof2.3-£npY riTnirimft 

To a solution of the compound from step F of Example 62 (280 mg, 
1.00 mmol) in pyridine is added acetic anhydride (613 mg, 6.0 mmol). The resulting 
5 solution is stirred overnight at ambient temperature evaporated in vacuo and the 
resulting oude mixture is purified on silica gel using ethyl acetate/hexane as the 
eluent. Fractions containing the desired product are pooled and evaporated in vacuo 
to give the desired product. 

10 Step B: 4>AcetYlaTni no-5-bromo>7-f23>5-tri>.0>acetvl-2-C>methvl-B-D- 

ribofuranosvlV7g-pvrrolor23-£npvrimidine 

To a pre-cooled (0**C) solution of the compound from Step A (460 mg, 
1 .00 nunol) in DMF is added iV-bromosucdnimide (178 mg, 1 .0 mmol) in DMF. The 
resulting solution is stirred at 0°C for 30 min then at room temperature for another 30 
15 min. The reaction is quenched by addition of rhethanbl and evaporated in vacuo . The 
resulting crude mixture is purified on silica gel using ethyl acetate/hexane as the 
eluent. tractions containing the desired product are pooled and evaporated in vacuo 
to give the desired product. 

20 StepC: 4-Amino-5-fluoro-7>f2-C>methvl^B-D-ribofuranosvlV7g-^^ 

rflpvrimidine 

To a pre-cooled («78'*C) solution of the compound from Step B (529 
mg, LOO mmol) in THF is added butyl lithium (2M in hexanes) (0.5 mL, 1.00 mmol). 
The resulting solution is stirred at -78''C for 30 min and then quenched with N- 

25 fluorobenzensulfonimide (315 mg, LOO mmol) in THF. The resulting solution is very 
slowly allowed to come to ambient temperature and then poured into a stirred mixture 
of saturated aqueous anmaonium chloride and dichloromethane. The oiganic phase is 
evaporated in vacuo and treated with ammonium hydroxide at 55°C in a closed 
container overnight. The resulting crude mixture is purified on silica gel using 

30 dichloromethane/methanol as the eluent. Fractions containing the desired product are 
pooled and evaporated in vacuo to give the desired product 
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EXAMPLE 154 

4-ATniTio> K2-C-methvl»B-D-ribofuranosvlVlg>pvr^ 

NH2 




5 Step A: 4-AmiDCKl -[3 .5-bis-0~f2.4-dichlorophenvlinethvlV2-C-methvI-B-D- 

ribofuianosvll-iH-^vrazolof3.4-£flpvriimdine 
To the compound from Step C of Example 62 (1.00 g, 2.02 mmol) in 

dichloromethane (20 mL) was bubbled HBr gas for 5 min until it was saturated. The 

■ 

resulting solution was stirred at room temperature for 10 min, evaporated in vacuo 
10 and coevaporated with anhydrous toluene (10 mL). 4-Aiiiino-l^-pyrazok>[3,4- 
d]pyrimidine (Aldrich, 0.43 g, 3.18 mmol) andNaH (60%, 150 mg, 3.8 mmol) were 

■m - ■ 

Stirred in l-methyl-2-pyrrolidinone (10 mL) for 30 min. The resulting solution was 
poured into the above bromo sugar residue and the mixture was stirred overnight 
The mixture was diluted with toluene (50 mL), washed with brine (10%, 3x50 mL) 
15 and concentrated under reduced pressure. The residue was chromatographed on silica 
gel (EtOAc as eluent) to afford a solid (400 mg). 

Step B: 4-Amino-l-(2-C'methvl-B-D-ribofuranosvlVlH-pvrazolor3.4- 

^pvrimidine * . 

20 To a solution of the compound from St^ A (0.20 g, 0 33 mmol) in 

dichloromethane (10 mL) at -TS'^C was added boron trichloride (IM in 
dichloromethane) (3 mL, 3 mmol) dropwise. The mixture was stirred at -TS^'C for 0.5 
h, then at -45*'C to -30*^0 for 2 h. The reaction was quenched by addition of sodium 
acetate (1.0 g) and medianol (10 mL). The solution was evaporated and the residue 

25 was ptirified by flash chromatography over silica gel using CH2CI2 and 

CH2Cl2/MeOH (95:5-90:10) gradient as the eluent to furnish the desired compound 
(60 mg) as a solid, which was recrystallized from methanol and acetonitrile to give the 
title compound as an ofT-white solid (40 mg). 
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'H NMR (DMSO-d^: 5 0.75 (s, 3H), 3.59 (m, IH), 3.69 (m, IH). 3.91 (m, IH), 4.12 

(m, IH), 4.69 (t, IH. 7 5.1 Hz), 5.15 (m. 2H). 6.13 (s, IH), 7.68 (s, br, IH), 7.96 (s, br. 
IH), 8.18 (s, IH), 8.21 (s, IH). 

"C NMR CDMSO-d^: 19.32, 62.78, 74.1 1, 78.60, 83.65, 90.72, 99.79, 133.50, 
5 153.89, 156.21, 158.05. 

LC-MS: Found: 282.1 (M+H*); calculated for C11H15N5O4+H*: 282.1. 

BIOLOGICAL ASSAYS 

10 The assays employed to measure the inhibition of HGV NSSB 

polymerase and HCV replication are described below. 

The effectiveness of the compounds of the present invention as 
inhibitors of HCV NSSB RNA-dependent RNA polymerase (RdRp) was measured in 
the following assay. 

15 

t ■ 

A, Assay for Inhibition of HiCV NSSB Polymerase: 

♦ f 

This assay was used to measure the ability of the nucleoside 
derivatives of the present invention to inhibit the enzymatic activity of the RNA- 
dependent RNA polymerase (NSSB) of the hepatitis C virus (HCV) on a heteromeric 
20 RNA template. 

Procedure: 

Assay Buffer Conditions: (50 nL -total/reaction) 
20 mM Tris, pH 7.5 
25 SOpMEDTA 
SniMDTT 

2mMMgCl2 
80mMKCl 

0.4 U/fiL RNAsin (Promega, stock is 40 units/pL) 
30 0.75 Jig tSOO (a 500-nt RNA made using T7 runoff transcription with a sequence 
from the NS2/3 region of the hepatitis C genome) 
1 .6 Jig purified hepatitis C NSSB (form with 21 amino acids C-tenninally 
truncated) ^ 
1 |jM A,C,U,GTP (Nucleoside triphosphate mix) 

« 
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[alpha-^^P]-GTP or [alpha-^^]-GTP 

The compounds were tested at various concentrations up to 1 00 pM 
iinal concentration. 

An appropriate volume of reaction buffer was made including enzyme 
5 and template tSOO. Nucleoside derivatives of the present invention were pipetted into 
^ the wells of a 96-well plate. A mixture of nucleoside triphosphates (NTP's). 
including the radiolabeled GTP, was naade and pipetted into the wells of a 96-well 
plate. The reaction was initiated by addition of the enzyme-template reaction solution 
and allowed to proceed at room temperature for 1 -2 h. 
1° The reaction was qurached by addition of 20 pL 0.5M EDTA, pH 8.0. 

Blank reactions in which the quench solution was added to the NTPs prior to the 
addition of the reaction buffer were included 

50 pL of the quenched reaction were spotted onto DE81 filter disks 
(Whatman) and allowed to dry for 30 min. The filters were washed with 0.3 M 
15 anamonium formate, pH 8 (1^50 mUwash until the cpm in 1 mL wash is less than 100, 
usually 6 washes). The filtets werb counted in 5-naL scintillation fluid in a 
scintillation counter. 

The percentage of inhibition was calculated according to the following 
equation: % Inhibition = [l-(cpm in test reaction - cpm in blank) / (cpm in control 
20 reaction - cpm in blank)] x 100. 

Representative compounds tested in the HCV NS5B polymeiase assay 
exhibited ICso's less than 100 micromolar. 

B. Assay for Inhibition of HCV RNA Replication! 

25 The compounds of the present invention were also evaluated for their 

ability to affect the repUcation of Efepatitis C Virus RNA in cultured hepatoma (HuH- 
7) cells containing a subgenomic HCV Replicon. The details of the assay are 
described below. This Replicon assay is a modification of that described in V. 
Lohmann, F. Komer, J-O. Koch, U. Eferian, L. Theihnann, and R. Bartenschlager, 

30 "Replication of a Sub-gaiomic Hepatitis C Virus RNAs in a Hepatoma Cell Une," 
Science 285: 110 (1999). 

Protocol: 

The assay was an in «m Ribonuclease protection. Scintillation 
35 Proximity based-plate assay (SPA). 1 0,000 - 40,000 cells were plated in 1 00-200 pL 
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of media containing 0.8mg/mL G418 in 96-well cytostar plates (Amersham). 
Compounds were added to cells at various concentrations up to 100 in 1% DMSO 
at time 0 to 18 h and then cultured for 24-96 h; Cells were fixed (20 min, 10% 
fonnalin), penneabilized (20 min, 0.25% Triton X-IOO/PBS) and hybridized 
5 (overnight, SO^'C) with a single-stranded RNA probe complementary to the (+) 
striand NS5B (or other genes) contained in the RNA viral genome. Cells were 
washed, treated widi RNAse, washed, heated to 65^C and counted in a Top-Count 
Inhibition of replication was read as a decrease in counts per minute (cpm). 

Human HuH-7 hepatoma cells, which were selected to contain a 
10 subgenomic replicon, carry a cytoplasmic RNA consisting of an HCV 5' non- 
translated region (NTR), a neomycin selectable maricer, an EMCV HUES (internal 
ribosome entry site), and HCV non-structural proteins NS3 through NS5B, followed 
by the 3' NTR. 

Representative compounds tested in the replication assay exhibited 

15 ECso's less than 100 micromolar. 

•I . . 

The nucleoside derivatives of the present invention were also evaluated 
for cellular toxicity and anti- viral specificity in the counterscreens described below. 

20 C. COUNTER .srRKRMS' 

The ability of the nucleoside derivatives of the present invention to 
inhibit human DNA polymerases was measured in the following assays. 

a. Inhibition of Human DNA Polymerases alpha and beta: 

Reaction Conditions: 
50 /iL reaction volume 

Reaction buffer components: 
30 20 mM Tris-HCl, pH 7.5 

200 fig/mL bovine senun albumin 

lOOmMKCl 

2 mM P-mercaptoethanol 

10 mM MgCl2 
35 1.6MMdA,dG,dC,dTTP 
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a-^^-dATP 
Enzyme and template: 

0.05 mg/mL gapped fish spenn DNA template 
5 0.01 U//iL DNA polymerase a or p 

Preparation of gapped fish spenn DNA template: 
Add 5 ^ IM MgCl2 to 500 fiL activated fish sperm DNA (USB 70076); 
Warn to 3TC and add 30 /xL of 65 U/;iL of exonuclease EI (GibcoBRL 18013-011); 
10 Incubate 5 min at 37*'C; 

Terminate reaction by heating to 65 for 10 min; 

Load 50-100 fiL aliquots onto Bio-spin 6 chromatography colmnns (Bio-Rad 732- 
6002) equilibrated with 20 mM Tris-HCI, pH 7.5; 
Elute by centrifiigation at l,0(M)Xg for 4 min; 
15 Pool eluate and measure absprbance at 260 nm to detennine concentration. 

a 

The DNA template was diluted into an appropriate volume of 20 mM 
Tris-HCI, pH 7.5 and the enzyme was diluted into an appropriate volume of 20 mM 
Tris-HCI, containing 2 mM P-mercaptoethanol, and 100 mM KCl. Template and 

20 enzyme were pipetted into microcentrifiige tubes or a 96 well plate. Blank reactions 
excluding enzyme and control reactions excluding test compound were also prepared 
using enzyme dilution buffer and test compound solvent, respectively. The reaction 
was initiated with reaction buffer with components as listed above. The reaction was 
incubated for 1 hour at 37*'C. The reaction was quenched by the addition of 20 fiL 

25 0.5M EDTA. 50 /iL of the quenched reaction was spotted onto Whatman DE81 filter 
disks and air dried. The filter disks were repeatedly washed with 1 50 raL 0.3M 
ammonium formate, pH 8 until 1 mL of wash is < 100 cpm. The disks were washed 
twice with 150 mL absolute ethanol and once with 150 mL anhydrous ether, dried and 
counted in 5 mL scintillation fluid. 

The percentage of inhibition was calculated according to the following 
equation: % inhibition = [l-(cpm in test reaction - cpm in blank)/(cpm in control 
reaction - cpm in blank)] x 100. 

b. Inhibitio n of Human DNA Polymerase pamma - 
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The potential for inhibition of human DNA polymerase gamma was 
measured in reactions tiiat included 0.5 ng/ jiL enzyme; 10 nM dATP, dGTP, dCTP, 
and TTP; 2 ^Ci/neaction [a-^^PJ-dATP, and 0.4 fig/fiL activated fish spenn DNA 
(purchased firom US Biochemical) in a buffer containing 20 mM Tris pH8, 2 mM p- 
5 mercaptoethanol, 50 mM KCl, 10 mM MgCl2, and 0.1 ^g/^L BSA. Reactions were 
allowed to proceed for 1 h at 37°C and were quenched by addition of 0.5 M EDTA to 
a final concentration of 142 mM. Product formation was quantified by anion 
exchange filter binding and scintillation counting. Compowids were tested at up to 50 
fiM. 

The percentage of inhibition was calculated according to die following 
equation: % inhibition = [l-(cpm in test reaction - cpm in blank)/(cpm in control 
reaction - cpm in blank)] x 1 00. 

The ability of the nucleoside derivatives of the present invention to 
inhibit HIV infectivity and HTV spread was measured in the following assays. 

c. HIV Mectivitv Assay 

Assays were performed with a variant of HeLa Magi cells expressing 

both CXCR4 and GCR5 selected for low background P-galactosidase 0-gal) 
expression. Cells were infected for 48 h, and p-gal production from the integrated 
HIV-1 LTR promoter was quantified with a chemiluminescent substrate (Galactolight 
Plus, Tropix, Bedford, MA). Inhibitors were titrated On duplicate) m twofold serial 
dilutions starting at 100 \M; percent inhibition at each concentration was calculated 
in relation to the control infection. 

d. Inhibition of HIV Spread 

The ability of die compounds of the present invention to inhibit tfie 

spread of tiie human immunedeficiency virus (HIV) was measured by tiie method 
described in U.S. Patent No. 5,413,999 (May 9, 1995), and J.P.Vacca, et al., Proc. 
Natl Acad. Sci., 91: 4096-4100 (1994), which are incorporated by reference herein in 
their entirety. 

The nucleoside derivatives of the present invention were also screened 
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for cytotoxicity against cultured hepatoma (HuH-7) cells containing a subgenomic 
HCV Replicon in an MTS ceU-based assay as described in the assay below. The 
HuH^7 cell line is described in H. Nakabayashi, et al.. Cancer Res .. 42: 3858 (1982). 

5 e. Cvtotoxidtv assav: 

Cell cultures were prepared in appropriate media at concentrations of 
approximately 1 .5 x 10^ cells/mL for suspension cultures in 3 day incubations and 5.0 
X 10'^ cells/mL for adherent cultures in 3 day incubations. 99 (iL of cell culture was 
transferred to wells of a 96-well tissue culture treated plate, and 1 jiL of 100-times 

10 final concentration of the test compound in DMSO was added. The plates were 
incubated at ST^'C and 5% CO2 for a specified period of time. After the incubation 
period, 20 pL of CellTiter 96 Aqueous One Solution Cell Proliferation Assay reagent 
(MTS) (Promega) was added to each well and the plates were incubated at 37**C and 
5% CO2 for an additional period of time up to 3 h. The plates were agitated to nux 

15 well and absorbance at 490 pm was read using a plate reader. A standard curve of 
suspension culture cells wa^ prepared with known cell numbers just prior to the 
addition of MTS reagent. Metabolically active cells reduce MTS to foimazan. 
Formazan absorbs at 490 nm. Hie absoifoance at 490 lun in the presence of 
compound was compared to absorbance in cells without any compound added. 

20 Reference : Cory, A. H. et al,, ^Use of an aqueous soluble tetrazolium/formazan assay 
for cell growth assays in culture," Cancer Commnn. 3: 207 (1991). 

The following assays were employed to measure the activity of the 
compounds of the present invention against other RNA-dependent RNA viruses: 

25 

a. Detertnination of In Vitro Antiviral Activity of Compounds Against Rhinovirus 
(Cvtopathic Effect Inhibition Assav): 

Assay conditions are described in the article by Sidwell and Huffman, 
•*Use of disposable microtissue culture plates for antiviral and interfi^n induction 
30 studies;' A ppL Microbiol . 22: 797-801 (1971). 

Viruses: 

Rhinovirus type 2 (RV-2), strain HGP, was used with KB cells and media (0.1% 
NaHCOa, no antibiotics) as stated in the Sidwell and Huffman reference. The virus, 

- 191 - 



wo 02/057425 PCT/US02/01531 



10 



obtained from the ATCC, was from a throat swab of an adult male with a mild acute 
febrile upper respiratory illness. 

Rhinovirus type 9 (RV-9X strain 211, and rhinovirus type 14 (RV-14), strain Tow, 
were also obtained from the American Type Culture Collection (ATCC) in Rockville, 
MD. RV-9 was from human throat washings and RV-14 was from a throat swab of a 
young adult with upper respiratory illness. Both of these viruses were used with HeLa 
Ohio-1 cells (Dr. Fred Hayden, Univ. of VA) which w:ere human cervical epitheloid 
carcinoma cells. MEM (Eagle's minimum essential medium) with 5% Fetal Bovine 
serum (EES) and 0.1% NaHCOs was used as the growth medium. 
Antiviral test medium for all three virus types was MEM with 5% FBS, 0.1% 
NaHCOs, 50 (ig gentamicin/mL, and 1 0 mM MgCl2. 

2000 ^ig/mL was the highest concentration used to assay the compounds of the present 
invention. Virus was added to the assay plate approximately 5 min after the test 
compound. Proper controls were also run. Assay plates were incubated with 
15 humidified air and 5% CO2 ^t 3TC. Cytotoxicity was monitored in the control cells 
microscopically for morphofogic changes. Regression analysis of the virus CPE data 
and the toxicity control data gave the ED50 (50% effective dose) and CC50 (50% 
cytotoxic concentration). The selectivity index (SI) was calculated by the formula: SI 
= CC50 -r H)50. 

20 

b. Determinatio n of In Vitro Antiviral Activity of Compounds Against Dengue, 

Banzi, and Yellow Fever fCPE Inhibition Assav^ 

Assay details are provided in the Sidwell and Huf&nan reference above. 

Viruses: 

25 Dengue virus type 2, New Gumea strain, was obtained from the Center for Disease 
Control. Two lines of African green monkey kidney cells were used to culture the 
virus (Vera) and to perform antiviral testing (MA-104). Both Yellow fever virus, 17D 
strain, prepared from infected mouse brain, and Banzi virus, H 336 strain, isolated 
from the serum of a febrile boy in South AjErica, were obtained from ATCC. Vera 

30 cells were used with both of these viruses and for assay. 

Cells and Media: 

MA-104 cells (BioWhittaker, Inc., Walkersville, MD) and Veto cells (ATCC) were 
used in Medium 199 with 5% FBS aiid 0.1% NaHCOs and without antibiotics. 
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Assay medium for dengue, yellow fever, and Banzi viruses was MEM, 2% FBS, 
p. 1 8% NaHC03 and 50 jig gentamicin/mL. 

Antiviral testing of the compounds of the present invention was performed according 
5 to the Sidwell and Huffman reference and similar to the above rhinovirus antiviral 
testing. Adequate cytopathic effect (CPE) readings were achieved after 5-6 days for 
each of these viruses. 

c, Detennination of In Vitro A ntiviral Activitv of Compounds Apainst West Nile 
10 Vhus fCPE Inhibition Assav^ 

Assay details are provided in the SidweD and Huffman reference cited above^ West 
Nile virus. New Yoric isolate derived from crow brain, was obtained from the Center 
for Disease Control. Vero cells were grown and used as described above. Test 
medium was MEM, 1% FBS, 0.1% NaHCOs and 50 jig gentamicin/mL. 

Antiviral testing of the compounds of the present invention was perfomaed following 
the methods of Sidwell and Huffiman which are similar to those used to assay for 
rhinovirus activity. Adequate cytopathic effect (CPE) readings were achieved after 
5-6 days. 

20 

d. Determination of In Vitro A ntiviral Activitv of Compounds Against rhino, vellow 
fever, dengue, Ban zi, and West Nile Viruses (Neutral Red Uptake Assav) 

After performing the CPE inhibition assays above, an additional 
cytopathic detection method was used which is described in '*Microtiter Assay for 
25 Interferon: Microspectrophotometric Quantitation of Cytopathic Effect," Appl. 

Environ. Microbiol. 31: 35-38 (1976). A Model EL309 microplate reader (Bio-Tek 
Instruments Inc.) was used to read the assay plate. ED50's and CD50's were 
calculated as above. 

30 EXAMPLE O F A PHARMACEimCAL FORMULATION 

As a specific embodiment of an oral composition of a compound of the 
present invention, 50 mg of Example 61 or Example 62 is formulated with sufficient 
finely divided lactose to provide a total amount of 580 to 590 mg to fill a size O hard 
gelatin capsule. 

35 
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While the invention has been described and illustrated in reference to 
specific embodiments thereof, those skilled in the art will appreciate that various 
changes, modifications, and substitutions can be made therein without departing from 
the spirit and scope of the invention. For example, effective dosages other than the 
5 preferred doses as set forth heeinabove may be applicable as a consequence of 
variations in the responsiveness of the human being treated for severity of the HCV 
infection. likewise, the pharmacologic response observed may vary according to and 
depending upon the particular active compound selected or whether there are present 
pharmaceutical carriers, as well as the type of formulation and mode of adirdnistration 
10 employed, and such expected variations or differences in the results are contemplated 
in accordance with the objects and practices of the present invention. It is intended 
therefore that the invention be limited only by the scope of the claims which follow 
and that such claims be interpreted as broadly as is reasonable. 

k ■ • ■ . 
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WHAT IS CIAME^ 

■ 

1. A method of inhibiting RNA-dependent RNA viral polymerase 
or inhibiting RNA-dependent RNA viral replication comprising administering to a 
mammal in need of such trcatinent a therapeutically effective amount of a compound 
of structural fonnula I which is of tiie stereochemical configuration: 




(I) 

(»- a pharmaceuti'cally acceptable salt thereof ; 
10 wherein B is selected from the group consisting of 








and 



R 



15 



A, G, and L are each independently CH or N; 

D is N, CH, C-CN, C-N02, C-C1.3 alkyl, C-NHCONH2 C-CONRHrH 
C-CSNRllRll. C-COORll. C-C(=NH)NH2. C-hydroxy. C-C1.3 alkoxy, C-amino. 
C-Ci^ alkylamino, C-di(Ciut alkyl)amino, C-halogen. C-(13-oxazol-2-yl), C-(U- 
thiazol-2-yl). or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted vwtii 
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^ one to three groups independently selected from halogen, amino, hydroxy, carboxy, 
and Cl-3 alkoxy; 

EisNorCRS; 

WisOorS; 

5 Y is H, Ci-io alkylcarbonyl, P3O9H4, P2O6H3, or P(O)R9r10; 
. Rl is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or C1-4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or C1-4 

alkoxy and the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
10 hydroxy, 

halogen, 

Ci-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 

Ci-io alkoxy, optionally substituted with C1.3 alkoxy or 1 to 3 fluorine 

atoms, 

15 C2-6 alkenyloxy, 

Ci-4 alkylthio, i 
Ci-8 alkylcarbonyloiy, 

aiyloxycarbonyl, 
azido, 

20 amino, 

Ci^ alkylamino, and 

di(Ci-4 alkyl)amino; or ■ 
R2 is hydrogen, C2^ alkenyl, C2-4 alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and r3 is hydroxy or Ci^ 
25 alkoxy and the other of Rl and R3 is selected from the group consisting of 

hydrogen, 
hydroxy, 
halogen, 

Ci-4 alkyl, optionaUy substituted with 1 to 3 fluorine atoms, 
30 Ci^io alkoxy, optionally substituted with hydroxy, Ci,3 alkoxy, carboxy, or 1 

to 3 fluorine atoms, 

C2-6 alkenyloxy, 

Ci^ alkylthio, 

Ci-8 alkylcarbonyloxy, 
35 aryloxycarbonyl, 
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azido, 
amino, 

Ci^ alkylamino, and 
di(Ci-4 alkyI)amino; or 

5 Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 

membered saturated monocyclic ring system optionally containing a heteioatom . 
selected from O, S, and NCo-4 alkyl; 

R4 and R6 are each independently H, OH/SH. NH2, Ci^ alkylamino, di(C 
alkyl)amino, C3-6 cycloalkylamino, halogen, C1-4 alkyl, Ci^ alkoxy, or CF3; 
10 R5 is H, Ci-6 alkyl. C2-6 alkenyl, C2-6 alkynyl, Ci-4 alkylamino, CF3, or halogen; 
Rl4 is H, CF3, Ci-4 alkyl, amino, Ci^ alkylamino, €3^ cycloalkylamino, or 
di(CM aIkyl)amino; 

R^ is hydrogen, amino, C1-4 allgrlamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 
15 each Rll is independently H or C1.6 alkyl; 

R8 is H, halogen, CN, caiboxy, Ci^ alkyloxycarbonyl, N3, amino. Ci^ alkylamino, 
di(Ci-4 alkyl)amino, hydroxy, Gi-6 alkoxy, Ci^ alkylthio, Ci-6 alkylsulfonyl, or 
(Ci^ alkyl)0-2 aminomethyl; 

Rl2 and Rl3 are each independently hydrogen, methyl, hydroxymethyl, or 
20 fluoromethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci«4 alkyl, 
0CH20(C=0)0Ci^ alkyl, NHCHMeC02Me, OCH(Cm alkyl)0(C=0)Ci^ alkyl. 





S(CH2)iiCH3 ^^O y S(CH2)i7CH3 
0(CH2)9CH3 OCO(CH2)i4CH3 . 

with the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 
25 is fluoro, then the other of R3 and R4 is not hydrogen, halogen, azido, trifluoromethyl, 
Ci^ alkyl, amino, Ci^ alkylamino, di(Ci^ alkyl)amino, or Cmq alkoxy; (b) when 
Rl is hydrogen, one of R3 and R4 is hydrogen, and R2.is halogen, hydroxy, Ci^e 
alkoxy, or C2-6 alkenyloxy, then the other of R3 and R4 is not hydrogen, fluoro, or 

azido; and (c) when Rl and R3 are hydrogen and R2 is hydroxy, then R4 is not 
30 hydroxy. 
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2. A method of treating RNA-dependent RNA viral infection in a 
mammal in need thereof comprising administering a therapeutically effective amount 
of a compound of Claim 1. 

^ 3. The method of Claim 1 wherein the compound is of 

stmctural formula II of the indicated stereochemical configuration: 



10 




(II) 



wherein B is 



or 




D is N, CH, C-CN, C-NO2, C-C1-3 alkyl, C-NHCONH2, CrCONRllRll, 
C-CSNRllRl 1, C-CCX)Rll, C-hydroxy, C-C1-3 alkoxy,' C-amino, C-Ci^ 
alkylamino, C-di(Ci^ allcyl)amino, C-halogen, C-(13-oxazol-2-yl), C-(l ,3-thiazol-2- 
yl), or C-(iinidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 

15 three groups independently selected from halogen, amino, hydroxy, carboxy, and 
Ci-salkoxy; 

EisNorC-R5; 

WisOorS; 

Y is H, Ci-10 alkylcarbonyl, P3O9H4, or P(O)R9r10; 
20 R 1 is hydrogen, CF3, or Cm alkyl and one of R2 and R3 is OH or C14 alkoxy and 
the other of r2 and r3 is selected from the group consisting of 

hydrogen, 

hydroxy, 
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halogen, 
Ci-salkyl. 

trifluoromethyl, 
Ci^ alkoxy, 

5 Ci^ alkylthio, 

Ci.8 alkylcarbbnyloxy, 

aryloxycarbonyl, 

azido, 

amino, 

10 Ci^ alkylamino, and 

di(Ci-4 alkyl)aniin6; or 
R2 is hydrogen, CF3, or Cm alkyl and one of Rl and R3 is OH or C1-4 alkoxy and 
the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
15 hydroxy, 

fliioro, * 
Ci-4 alkyl, 

trifluoix>methyl, 
Ci-4 alkoxy, 

20 Qi^ alkylthio, . * . 

Ci-8 alkylcarbonyloxy, 

azido, 

amino, 

Ci^ alkylamino, and 
25 di(Ci-4 alkyl)amino; or 

Rl and R2 together with the carbon atom to which they arc attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NC0-4 alkyl; 

R4 and R6 are each independendy H, OH, SH, NH2, Ci^ alkylamino, di(Ci^ 
30 alkyl)amino, €3^ cycloalkylamino, halogen, C1-4 alkyl, C1-4 alkoxy, or CF3; 

R5 is H, Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci^ alkylamino, CP3, or halogen; 
R7 is hydrogen, amino, Ci^ alkylamino. C3-6 cycloallg^lamino, or 
di(Ci-4 alkyl)amino; 

each Rl 1 is independendy H or C 1^ alkyl; 
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R8 is H. halogen. CN, carboxy. Cm alkyloxycarbonyl. N3, amino. Cm alkylaniino 
d.(CM alkyDamino. hydroxy, C1.6 alkoxy, Ci^ alkylthio. Ci^ alkylsulfonyl. or ' 
(Cm alkyI)o-2 aminomethyl; 

R12 and Rl3 are each independently hydrogen or methyl; and 
Ry and RIO are each independently hydroxy, OCH2CH2SC(=0)Cm alkvl or 
0CH20(C=0)Cm alkyl; 

with the im,visos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 
. fluoro. then the other of R3 and R4 is not hydrogen, halogen. trifluoLJthyi. Cm 
alkyl. ammo. Cm alkylamino. di(CM aJkyl)amino. or Cm alkoxy; (b) when Rl is 
hydrogen, one of R3 and R4 is hydrogen, and r2 is halogen, hydroxy, or Cm alkoxy 
then the other of R3 and R4 is not hydrogen, fluoro. or azido; and (c) when Rl and R3 
are hydrogen and R2 is hydroxy, then R4 is not hydroxy. 

^- of Claim 2 wherein the compound is of the 

15 structmal fomula n of the indicated stereochemical configuration: 



10 




(") 



wherein B is 



(II or r8-/Y^N 



•vJv* / 



20 D is N. CH. C-CN, C-NO2, C-C1.3 alkyl. C-NHCONH2 C-CONRHrH 
C-CSNRllRlI, C-COORll, C-hydroxy, C-C1.3 alkoxy.' C-amino; C-Cm 
alkylamino. C-di(CM alkyl)amino. C-halogen. C-(l,3-oxa2ol-2-yl). C-(l,3-thia2ol-2. 
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yl), or C-(iinidazol-2-yI); wherein alkyl is unsubstituted or substituted with one to 

three groups independently selected from halogen, amino, hydroxy, carboxy, and 
C1.3 alkoxy; 

E is N or C-R5; 
5 Wis O or S; 

Y is H, Ci-io alkylcarbonyl, P3O9H4. or P(O)R9r10; 

Rl is hydrogen. CP3, or Ci^ alkyl and one of R2 and R3 is OH or €1:4 alkoxy and 
the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
10 hydroxy, 

halogen, 
C1.3 alkyl, 

trifluoromethyl, 
Ci^ alkoxy, 

15 Ci-4 alkylthio, 

Ci-8 alkylcarbonyloxy, 

aryloxycarbonyl, 

azido, 

amino, 

20 Ci-4 alkylamino, and 

di(Ci-4 alkyl)amino; or 
R2 is hydrogen, CF3, or Ci^ alkyl and one of Rl and R3 is OH or C1-4 alkoxy and 
the other of R I and R3 is selected from the group consisting of 
hydrogen, 
25 hydroxy, 

flupro, 
Ci^ alkyl, 

trifluoromethyl, 
Ci-4 alkoxy, 

30 Ci^ alkylthio, 

Ci«8 alkylcarbonyloxy, 

azido, 

amino, 

Ci-4 alkylamino, and 
35 di(Ci-4 alkyl)amino; or 
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Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo-4 alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, Ci^ alkylamino, di(CM 
5 allcyl)amino, C3.6 cycloalkylamino, halogen, Ci^ alkyl, Ci^ alkoxy. or CF3; 
R5 is H, C1.6 alkyl, C2-6 alkenyl, C2^ alkynyl, C]^ alkylamino. CF3, or halogen; 
R7 is hydrogen, amino. Cm alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyI)amino; 

each Rl J is independoitly H or C I-6 alkyl; 
10 R8 is H, halogen, CN, carboxy. Ci^ alkyloxycarbonyl, N3. amino, Ci^ alkylamino. 
di(CM aIkyl)amino, hydroxy. Ci^ alkoxy, C1.6 alkylthio, C1.6 alkylsulfonyl, or 
(C1.4 alkyl)o.2 aminomethyl; 

Rl2 and Rl3 are each independently hydrogen or methyl; and 
R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci^ alkyl, dr 
15 0CH20(C=0)Ci^ alkyl; ^ 

with the provisos that (a) wHen Rl is hydrogen, one of r3 and R4 is hydrogen, and r2 
is fluoro, then the other of r5 and R4 is not hydrogen, halogen, trifluoromethyl, Ci^ 
alkyl, amino. Cm alkylamino, di(Ci-4 alkyl)amino, or C^ alkoxy; (b) when Rl is 
hydrogen, one of R3 and r4 is hydrogen, and R2 is halogen, hydroxy, or C1-4 alkoxy. 
20 then the other of R3 and R4 is not hydrogen, fluoro, or azido; and (c) when Rl and r3 
are hydrogen and R2 is hydroxy, then R4 is not hydroxy. 

5. The method of Claim 3 wherein the compound is of the 
structural formula m of the indicated stereochemical configuration: 

25 




(III) 



wherein B is 
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D is N, CH, C-CN, C.NO2, C-C1.3 alkyl, C-NHCONH2, CCONRllRll, 

CCSNRllRll, C-COORll, C-hydroxy. C-C1-3 alkoxy! C-amino, C-Ci^ 

alkylamino, C-cli(CM alkyl)amino, C-halogen, C-(l,3-oxazol-2-yl). C-(13^thiazol-2- 

5 yl), or C-(iniidazol-2^yl); wherein alkyl is unsubstituted or substituted with one to 

three groups independentiy selected from halogen, amino, hydroxy, caiboxy, and 
Ci-3 alkoxy; 

WisOorS; 

Y is H, Ci»io alkylcarbonyi, P3O9H4, P2O6H3, or P(O)R9r10; 
10 Rl is hydrogen. CF3. or Cm alkyl and one of R2 and R3 is OH or Cm alkoxy and 
the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
fluoro, 
15 C1.3 alkyl, 

trifluoromethyl, 

Ci-8 alkylcarbonyloxy, 

Ci-3 alkoxy, and 

amino; or 

20 R2 is hydrogen. CF3, or Cm alkyl and one of Rl and R3 is OH or Cm alkoxy and 
the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 

fluoro, 
25 Ci-3 alkyl, 

trifluoromethyl, 
Ci-8 alkylcarbonyloxy, 
Ci-3 alkoxy, and 

amino; or 
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Rl and R2 together with the earbon atom to which they are attached fonn a 3- to 6- 
membeied saturated monocycUc ring system optionally containing a heteroatom 
selected from O. S, and NCO-4 alkyl; 

R6 is H, OH, SH, NH2. Ci^ alkylamino. di(Ci^ allcy])amino. 
C3.6 cycloalkylamino, halogen. Cm alkyl, alkoxy, or CP3; 
R5 is H. Ci-6 alkyl. C2-6 alkenyl. C2-6 alkynyl. C1-4 alkylamino. CF3. or halogen; 
R7 is hydrogen, amino. Cm alkylamino, C3-6 cycloalkylamino, or 
di(Ci^ aIky])amino; 

each Rl 1 is independently H or C I-6 alkyl; 

R8 is H, halogen, CN, carboxy, Cm alkyloxycarbonyl, N3, amino, Cm alkylamino, 
di(CM alkyOamino, hydroxy, Ci-6 alkoxy, C1.6 alkylthio, Ci-6 alkylsulfonyl, or 
(Cm alkyl)o.2 aminomethyl; and. 

R9 and RlO are each independently hydroxy. OCH2CH2SC(=0)t-butyl, or 
OCH2O(C=0)iPr, 

15 with the provisos that (a) when Rl is hydrogen and R2 is fluoit), then R3 is not 

hydrogen, trifluoromethyl, fluoro, C1.3 alkyl, amino, or Cl-3 alkoxy; (b) when Rl is 
hydrogen and R2 is fluoro, hydroxy, or C1.3 alkoxy, then R3 is not hydrogen or 
fluoro; and (c) when Rl is hydrogen and R2 is hydroxy, then R3 is not p-hydroxy. 

6- The method of Claim 4 wherein the compound is of the 
structural formula in of the indicated stereochemical configuration: 




(III) 



25 wherein B i 



IS 
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10 



20 




or 




Dis N. CH. C-CN, C-N02. C-C1.3 a]kyl. C-NHCONH2 C-CONRHrH 
C-CSNRllRll, C-COORll. C-hydroxy. C-C1.3 alkoxy.' C-amino, C-C^ 
alkylanuno. C-di(CM aIkyl)aniino. C-halogen. C-(l .3-oxazol-2-yl), C-(U-thiazol.2- 
yl). or C-(imdazol-2-yl); wherein alkyl is unsubsUtuted or substituted with one to 

three ^-oups independently selected from halogen, amino, hydroxy, carboxy. and 
C1.3 alkoxy; , ' 

WisOorS; 

Y is H. Ci-10 alkylcarbonyl, P3O9H4. P2O6H3, or P(O)R9r10; 
Rl is hydrogen. CF3. or alkyl and one of R2 and R3 is OH or alkoxy and 
the other of R2 and R3 is sekcted from the group consisting of 
hydrogen, 
* hydroxy, 
fluoro, 
^5 Ci-3 alkyl, 

trifluoromethy], 

alkylcarbonyloxy, 
C1.3 alkoxy, and 

amino; or * 

R2 is hydrogen, CF3, or Cm alkyl and one of Rl and R3 is OH or alkoxy and 
the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
hydroxy. 

fluoro, 
25 C1.3 alkyl. 

trifluoromethy], 

Ci.g alkylcarbonyloxy, 

C1.3 alkoxy, and 

amino; or 
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Rl and R2 together with the carbon atom to which they are attached fonu a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCq^ alkyl; 

R6 is H, OH, SH, NH2, Cm alkylamino, di(CM alkyl)ainino, 
C3-6 cycloalkylamino, halogen, C1-4 alkyl, C1-4 alkoxy, or CF3; 
R5 is H. C1.6 alkyl, C2-6 alkenyl. C2-6 alkynyl, C1-4 alkylamino. CF3. orhalogen; 
R7 is hydrogen, amino, alkylamino, C3-6 cycloalkylamino, or 
di(CM alkyl)amino; 

each Rl 1 is independently H or C I-6 alkyl; 

R8 is H. halogen, CN, carboxy, C1-4 alkyloxycarbonyl. N3, amino. alkylamino, 
di(CM alkyDamino. hydroxy, Ci-^ alkoxy, C1.6 alkylthio, Ci^ alkylsulfonyl. or 
(Cm alkyl)o-2 aminomethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)t-butyl, or 
0CH20(C=0)iPr; 

15 with the provisos that (a) when Rl is hydrogen and R2 is fluoro, then R3 is not 

hydrogen, trifluoromethyl, fluoro, C1.3 alkyl. amino, or C1-3 alkoxy; (b) when Rl is 
hydrogen and R2 is fluoro, hydroxy, or C1.3 alkoxy, then R3 is not hydrogen or 
fluoro; and (c) when Rl is hydrogen and R2 is hydroxy, then R3 is not P-hydroxy. 

2^ 7. The method of Claim 5 wherein B is 




8. The method of Claim 6 wherein B is 




9. The method of Claim 5 wherein B is 
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20 




1 0. The method of Claim 6 wherein B is 




11. The njethod of Qaim 6 wherein the compound is selected from 
the group consisting of : f 

2'-C>-methyl-cytidine, 
2'-C-methyl-cytidine, 

3\5'-di-0-octanoyl-2'-0-methyl-cytidine, 
10 3*-0-octanoyl-2'-0-methyl-cytidine, 

2'-C-methyl-adenosine, 

2'-C-methyl-8-amino-adenosine, 

4.amino^5^yano«7K2-C-methyl-P-D-ribofuranosy])-7/f-pyrrob 
Jlpyrimidine, 

4-amino-5-(aminocarbonylH-(2-C^inethyl.p.D-ribofo^^^ 
pyrrolo[2,3-cfJpyriimdine. 

3'-deoxy-3*-methy]-cytidine, 

4-amino-7-(3^eoxyO-methyl-P-D«ribofuranosy])-7//-py^^^ 
^Qpyrimidin-S-carboxamide, 

4-ainino-7-(3-deoxy-p-D-ribofuranosylWpyiTolo[2,3-d]pyri^ 

4.amino-7-(3-deoxy-P-D~ribofuranosyl>7i7-pyn^olo[23-4p^^ 
carboxamide, 

3 ' -ainino-3 '-deoxyadenosine, 
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2-amino-3,4-dihydro-4-oxo-7-(p-D-ribofuranosyI)-7^-pyrroIo[23- 
dipyiimidin-S-carboxamide, 

4-aniino-7-(P-D-ribofuiwosyim-pyrroloI23-^pyrinudin-5-carboxamid^ 

2-ainino-3,4-dihydr(M-oxo-7-(p-D-ribofuranosyI)-7iy-pyrrolo[23- 
t^Ipyriiiiidin-5-carbonitrile, 

2-amina-5-ethyl-7-(P-D-ribofuranosy])-7//-pyiToIo[23-d]pyriimdin-4(3/0- 
one, 

6-anuno-l-(P-D-ribofuranosyl>lH-in)idazo[4.5-c]pyridin-4(5J^one, 

2-amino-7-(3-deoxy-P-D-ribofurMosylH//-pyrrolo[2,3-ti]pyrin^ 
one, 

2 ' -O-methylguanosine, 

2-aimno-7-(2-0-me%l-P-D-ribofuranosyl>7if-pyiToJo[23-^qpyriniidin- 
4(3/0-one, 

2-aiiiino-7-(2-0-methyl-P-D.ribofuranosyI)-5//-pyrrolo[3.2-d]pyriim 
4(3fl)-one, 

7- (2-0.methy]-p.D-ribo£uranosyl)-7//.pyn^olo[23-d^^^^ 

2-amino-5-methyI.7.(P-D-ribofuranos^^^^^ 
one, 

2.amin<^3,4.cUhydro^-oxo.7.(2-0-methyl-P-D~^^^^ 
[2,3-JJpyriniidin-5-carbomtrile, 

2-aniino-5-methyl-7-(2-0>methyI.p.D-ribofuranosyl>7H^^ 
d]pyriniidin-4(3/?)-one, 

S-azidoguanosine, 

8- aminoguanosine, 
S-bromoadenosine, 
S-aminoadenosine, 
8-bromoguanosine, 

4- amino-7-(3-deoxy-3-fluon)-p-D-ribofuranosyl)-7/?-pyiTolo[2.3-d]pyriinidin- 

5- carboxamide, 

2-amin(>4-chloro-7-{2-amethyl-p-D-ribofuranosyl)-7/f-pyrn)loI2,3. 
d]pyriniidin-5-carbonitriIe, 

2-aniino^-chloro-5-ethyl-7-(2-0-methyl-P-D-ribofuranosyl)-7jy-pyrToI^ 
<4pyriniidine. 
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2.amina-t-chloro-5-methyl.7.(^^^^ 
[2,3-d]pyrimidine, 

2-amino-7-(2-0-me%l-p-D-ribofiM^osyl>7i/-pyrro]o[23-/flpy^ 
4(3J^>thione, 

5 2-amino^h]oro-7.<2-0-methy]-P-D-riboluranosyl>7/^-pyrroloP^^ 
<i]pyrimidine, 

2-amino-7K^D-ribofuranosyl)-7//-pyrrolo[23-£flpyrimidine, 

2-aiTuno^hloro-7-(P-D-ribofuranosyl)-7i^-pyiTolo[2,3-rflp^niidine. 

2-ainino-4-chIon>-5-methyl-7-(p-D-ribofuranosyl)-7//-pyiToJo[2.3- 
10 ^pyrimidine, 

1- (P-D-rib6fui:anosyI>m-pyrazolo[3,4-iflpyrimidin-4(3J^ 

4-aimno.l-(p-D-ribofuranosyl>l^-p3«azo]ot3A4pyriniidine. 

2- aniino-6-chlorG-9-(P-D-ribofuranosyl)-9^.purine, 

2-aniino^hl(MD-7-(p.D-ribofuranosyl>7//-pyiTolo[2,3-rflpyriinid^ 
15 carbonitrile, 

6-me%l-9-(p-D-rib6fiiraiibsyI)-9/f-purine, 

2-anuno-7-(2Kleoxy4fluoro-P-I)-arabinofuranosyl>7fl-pynol^ 
d]pyriniidin-4(3//)-one, 

2-ainino-4-chlon).7-(2^eoxy-2-fluoro-p-D-arabinofuranosyl>7£/-^^^ 
20 <3f)pyriii)jdjne, 

2-amino-7-(P-D-arabinofuranosyl>7//-pyiTOlo[23-(qpyriniidin^^^ 

2-aniino-7-(P-D.arabinofuranosyl)-3,4-dihydro-4-oxo-7J?-pytTolo[23- 
flOpyriniidin-5-carbonitrile, 

2-animo-5-methyl-7-(p-D-arabinofuranosyl)-7^-py,ToIo£23-4pymmdin- 
25 4(3/0-one, 

9-(p-D-arabinofmanosyl>9//-pujin-6(l//)-one, 

1 - O-D-arabinofuranosyl)- l//-cytosine, 

2- amino-4-chloro-5-inetbyI-7-(P-D-arabinofuranosyl)-7H-pyiTO^ 
dGpyrimidine, 

30 3'-deoxy-3'-(fluoromethyl)-guanosine, 

2' -amino-2'-deoxycytidine, 

4-aimno-7-(3-deoxy-P-D-ribofuranosyl>7//-pyirolo{23-^flpyrimidin 
carbonitrile, 

2'-C>-methyladenosine, 
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4.amin(>-7-(2-0-methyI-p.D-ribofuranosyl)-7//-p^^^ 
3*-aimno-3 •-deoxy-2*-0-methyl-adenosine, 
3'-deoxy-3'-niethyl-uridine, 

6-amino-lK3Kieoxy.p-D-ribofuranosyl>m-imidazo[4,5-c]pyri 

6-amino-l-(3-deoxy-3rfluoro-P-D-ribofuranosy]>m.^^ * 
4(373>one, 

2-amino-7-(2.deoxy.p-D-ribolmanosyl).3,4-dihydro-4-ox^^ 
£f|- pyrimidin-S-carbonitrile, 

3'^eoxy-2*.0-(2-methoxye%l).3"-methyl.5«inethyluridine, 
2*-aiiiino-2'-deoxy-iiridine, 

2-amino-9-(P-D-arabinofuranosyl)-9//-purin-6(l/0-one, 
3*^eoxy-3 *-methylguanosine, 

2'-0-[4-(iinidazolyl-l)butyl]guanosine, 
2'-deoxy-2*-fluoroguanosine, 
2'-deoxyguanosine, . 

2-amino-7-(2-deoxy-2-flu6ro-p-D-ribofuran()syl>7/^-pyiTO^ 
4(3fl)-one, 

2raminp-7-(3Kleoxy-3-D-ribofiiranosyl)-3,4-dihydro^oxo-7H-p^^^ 
cQpyiimidin-S-earbonitrile, 

2-ainino-5-iodo-7-(P-D-riboftiranosyl>7/^-pyiTo]o(2,3-d]pyri 
one, 

2-ainino-7-(3-deoxy-3-methyl-P-D-ribofuranosyl)-7//-pyrroJo[2,3- 
d]pyriini(lin-S-carix>nitrile, 

2-amino-7-(P-D-ribofuranosyl)-7/f-pyrrolo[23-^qpyriinidin.4(3f0-one, 

2-amino-7-(2-deoxy-P-D-ribotoanosyl>7/?-pyiTolo[23-d]pyriinidin^^^ 
one, 

2-anMno-7-(3-deoxy.3.methyl-p-D-ribofuranosyl)-7H-pyiToIo[2,3-- 
rflpyriinidin-4(3/r)-one, 

2-ainino-7-(3KJeoxy-3-fluoro-p-D-ribof»jranosyl)-7//-pyiTolo[2,3-iqpyrimidin- 
4(3fl)-one, 

6-ainino-l-(2-0-raethyl-P-D-ribofuranosyl)-l//-iinidazo[4,5-c]pyridin-4(5i5^ 
one, 

6-amino-l-(2-deoxy-P-D-ribofuranosyI)-m-imidazo[4,5-c]pyridin-4(5/0-one. 
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6-amino-l-(3-deoxy-3-me%I-P-D-ribofuranosyl>l£r-iinidazo[4>c]pyridin. 
4(5fl)-one, 

6-aiiuno-l-(2-deoxy-2-fluoro-P-]>ribofuranosyl>iiy-imidazo[4^-c]pyridin- 
4(5/0-one, 

6-amino-l-(p-D-arabinofuranosyl)-l//-iinidazo[4^-c]pyridin:4(5fl)-one^ 

2'-0-[2-W^-diethylarainooxy)ethyI]-5-methyluridine, 

5-ethynyI-2'-C>-(2-methoxyethyl)-cytidine, 

1- (2-C-methyI-P-D-arabinofuianosyl)uraciJ, 

2- amino-2'-0-methyladenosine, 
2'-deoxy-2' -fluoroadenosine, 

3 '-dedxy-3 '-methyladenosine, 

2-amiiio-7-(2-deoxy-P-D-ribofuranosyl)-7^-pyiroloI23-d]pyrimidine^ 

4- ainino-7-(3-deoxy-3-fluoh)-P-D-ribofuranosyl>7iy-py^^ 

5- carboxamide, 

4-anuno-7-(3Kleoxy-P-D-ribofuranosyl>7//-pyirolo[23-41pyriimto^^ 
caifooxamide, > 

4-ainino-7-(2-0-metliyl-p-D-ribofuranosyl>7//-pyirolo[23-d]pyri^ 

4-aiiuno-7-(p-D-arabinofuranosyl)-7J?-pynolo[23-^i]pyrimidine, 

4-anuno-l-(3-deoxy-3-fluon>-p-D-ribofurano8yl>liy.imidazo[4,5-c]pyritf 

4-amino-7-(P-D-ribofuranosyl)-7//-pyrrolo[23-4pyrimidine (tubercidin). 

4,6-^ainino-7-(P-I^ribofuranosyl>7/?-pyirolo[23-4pyrimidine, 

2-anMno-7-(3-deoxy-3-flu(m)-P-D-ribofuranosyl)-7//-pyirolo-[2,3- 
^Qpyrimidin-S-carboxainide, 

4-amino-l-(3-deoxy-P-D-ribofuranosyl>l//-ijnidazo[4^-c]pyridine, 

4-ainino-l-(3-deoxy-3-methyl-P-D-ribofuranosyl)-ljy-imidazo[4^-c]py^^ 

4-aimn6-l-(P-D-ribofuranosyl)-l/?-iinidazo[4,5-c]pyridine^u 

4-dmino-l-(2-C-me%l-p-D-ribofuranosyl>lH-pyrazoJo[3,4-d]pyriniidine 

4-amino-7-(3Kleoxy-3-fluon)-P-D-ribofuranosyl)-7H-pym)lo[2,3- 
i/Ipyriinidine; and 

the corresponding 5'-triphosphates, 5'- 

[bis(isopropyloxycarbonyloxymethyl)]manophosphates,5'-mono-(S-Ci^ 
alkanoyl-2-thioethyl)monophosphates, and 5'-bis-(S-Ci-4 alkanoyl-2- 

thioethy])nionophqsphates thereof; 
a phannaceutically acceptable salt thereof. 
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12. The method of Claim 2 wherein the compound is selected fiom 
the group consisting of: 

2'-0-methyl^ytidine, 
2'-C-methyI-cytidine, 

3'^'-di-C>-octanoyl-2'-C>-methyl-cytidine, 
3'-C>-octanoyl-2'-C>-methyi^cytidine, 
2'-C-inethyI-adenosine, 

2'-C-methyI-8-amiBO-adenosine, 

4-amino.5-cyano-7-(2-C-methyl-P-D-ribofuranosy])-7ff-pyn^olo[2,3- 
^Gpymnidine, 

4-amino-5-(aminocarbonyl)-7-(2-C-methyl-P-D-ribofiiranosyl>7/f- 
pyrrt)lo[2,3-<i]pyrimidine, 

3'-deoxy-3'-methyl-cytidine, 

4-amino-7-(3-deoxy:3-methyI-p.D-ribofuranosyl)-7iy-pyrrDlo[2,3- 
<jpyiimidin-5-carboxamide, 

4-ainino-7-(3-deoxy-^-D-ribofiii^osyl).7/?-py,Tolo{23^pyriniidin^^ 

4-ainino-7-(3-deoxy-P-D-ribofuranosyl)-7/f-py,Tolo[23-rf}pyrijiudin-5- 
carboxamide, 

20 3'-amino-3'-deoxyadenosine, 

2-amino-3.4-dihydro-4-oxo-7-(P-D-ribofuranosyl>7/?-pym)lo[2,3- 
t/Ipyrimidin-5-carboxamide, 

4-aiiuno.7-(P-D-ribofuranosylW-pym>lo[2,3-d3pyrimidin-5-carbox • 

2-amino-3.4-dihydro-4-oxo-7-(P-D-ribofiirahosyl)-7iy-pyiTolo[23- 
25 <lpyrimidin-5-carbonitriIe, 

2.amino-5-ethyl-7-(P-D-ribofi«anosy]m-pyiroIo[23-d3pyrimidin-40^ 
one, 

6-amino-l-O-D-ribofuranosyl)-lH.imidazoE4.5-£-]pyridin-4(5/0-one, 

2-amino-7-(3-deoxy-P-D-riboftiranosyim-pyrroIo[2.3-^flpyriniidin^^ 
one, 

2*-0-methylguanosine, 

2-aimno-7-(2-<?-methyl-P-D-ribofuranosyl)-7^-py,TolQ[2,3:d]pyri^ 
4(3flH)ne, 

2-araino-7-(2-0-methy]-P-D-ribofui^osyl)-5iy-pym)lo{3,2-dJpyrimidin- 
35 4(3/0-one, 
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7- (2-0-methyl-P-D-ribofuranosyl)-7i7-pynx>lo[2^-d]pyriinidine, 

2-ainino-5-me%l-7-(3-D-ribofuranosyl)-7//-pyrrolo[23-^pyrimid^ 
one, 

2-aiiiino-3,4Klihydro-4H>xo-7-(2-0-me%l-P-D-ribofuranosyl)-7H^^ 
[23-<flpyriiiiidin-5-caii)onitiiJe, 

2-amino-5-methyl-7-(2-0-methyl-P-D-ribofuranosyl)-7//-pyrrolo[23- 
cl]pyriinidin-4(3fl)-one, 

8- azidoguanosine, 
S-aminoguanosuie, 
S-bromoadenosine, 
S-aminoadenosine, 
S-biomoguaDOsine, 

4- amino-7-(3-deoxy-3-fluoro:p-I>-ribofuranosyl)-7if-pyn^olo[23-rf|p^ 

5- carboxamide, 

2-ajnino^Wor(>,7-(2-^-methyl-P-D-ribofunmosyl>7/f-pyno^ 
d]pyrimidin-5-carbonitrile, 

2-aniin(MH;Woio-54%l-7-(2-0-me%l-P-D-riboforanosyl)-7iy-pym>]^ 
t/jpyrimidine, 

2-amino-4^hIoit>-5-methyl-7-(2-0-niethyl-p-D-ribofuranosyl)-7^^ 
[2,3-<i]pyrimidine, 

2-amino-7-(2-C>-me%l-P-D-ribofuranosyl>7//-pyn^olo[23-fqpyriinidin 
4(3//)-thione, 

2-aniino-4-chloro-7-(2-0-methyI-p-D-ribofiiranosyl)-7iy-pyn-oloP 
<i]pyninidine, 

2-ainino-7-(p-D-ribofurahosyl>7J^-pyiiolot23-/flpyriinidine^ 
2-amin(>^hloro-7-(P-D-ribofuranosyl>7//-pyrTolo[2^-4pyiimidine, 

2-ainino-4-chlc>ro-5-methyl-7-(P-D-ribofuranosyl>7/^-pyiTolo[23- 
djpyrimidine, 

1- (P-DTribofuranosyl>lfl-pyra2olo[3.4-dlpyrimidin-4(3/0-one, 
4-amino-l-(P-D-ribofuranosyl>m-pyrazolo[3,4-d]pyrimidine. 

2- ainino-6-chloio-9-(3-D-ribofuranosyl)-9H-purine, 

2-amino-4-chlor(v7KP-D-ribofuranosyl)-7H-pyiTolo[23-£qpyrimidin-5- 
carbonitiile, 

6-inethyl-9-0-D-ribofuranosyl)-9//-purine, 
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2-amino-7-(2-deoxy^2-fluoro-p.D-arabinofuranos^^^ 
d]pyriinidin-4(3iH)-one, 

2-amino^-chloro-7-<2.deoxy.2-fluoro-P-D-arabm^ 
4pynmidine» 

5 2-amino-7-(p-D.arabinofui^osyl>7i/-p^^ 

2-aniino-7-(p.D-arabinofuranosyl>3,4-dihydro-4^oxo^^^^ 
cripyrimidin-5-cari>onitriIe, 

2-amin(>.5-methyl-7-(p-D-arabinofuranosyl).7^^^ 
4(3/0-one, 

10 9-(p.D-arabmofuranosyl>9if-purin-6(li^ 

1 - (P-D-arabmofuranosyI)-lH-cytosine, 

2- amino-4K;hloro-5-methyl-7KP-D-arabinofu^ 
icOpyriinidine, 

3'-deoxy-3'-(fluoromethy])-guanosine, 
15 2'-ainino-2'-deoxycytidine, 

4-ainino-7-(3-deoxy-^^D-ribofuranosyI>7/?-pyiTo]o[2.3-d)py^^ 
carbonitrile, 

2'-0-inethyladenosine, 

4-aimnc)-7-(2-C>-rnethyl-p-D-ribofuranosyim-pym^^ 
20 3'-amino-3'-deoxy-2'-0-methyI-adenosine, 

3 ' -deoxy-3 ' -methyl-uridine, 

6.amino-I-(3H!eoxy-p-D.ribofuianosyl^m-iniidazo[4,5-c]pyridin-4(5fl)^ 

6-amno-l-(3Kleoxy-3-fluorD-p-D-ribofuranosyl>lH-imidazo[4^-c]pyri^^^ * 
4(3H)-om, 

2-amino-7-(2-deoxy-P-D-ribofuranosyl)-3,4-dihydio-4K)xo-7//-p^^ 
<i]- pyrimidin-5-carbonitrile, 

3'-deoxy-2'-0-(2-methoxyethyl)-3'-methyl-5-methyluridine, 
2' -aniino-2 ' -deoxy-uridine, 

2-aimno-9-0-D-arabinofijranosyl)-9/j'-purin-6( l^O-one, 
30 3'-deoxy-3'-methylguanosine, 

2'-0-[4-(iinidazo]yl-l)butyl]guanosine, 

2'-deoxy-2'-fluoroguanosine, 

2'-deoxyguano5ine, 

2-amino-7-(2-deoxy-2-fluoro-P-D-ribofuranosyim-pyrTolo[23-d]pyrimidi^ 
35 4(3A0-one, 
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2-aniino-7-(3-deoxy-P-D-ribofuranosyl)-3,4Klihydro-4-oxo.7/f.pyn^^ 
</Jpyriniidin-5-carbonitrile, 

2-ainino-5-iodo-7-(P-I>ribofuranosyl)-7«-pynt)lo[23-d]pyrim 
one, 

2-amino-7-(3-deoxy-3-methyl-p-D-ribofuranosyl)-7Jy-pyirolo{2,3- 
djpyrimidin-S-carbonitrile, 

2-aniino-7-(P-D-ribofuranosy])-7//-pyiroIo[2.3-d]pyrinudin^^^ 

2-aniino-7-(2-Kieoxy-P-D-ribofuranosyl>7//-pyno]o[23-d]pyrimidin-4(3i^ 
one, ' 

2-amino-7-(3-deoxy-3-methyI.p.D-ribofuranosyl)-7/f-pyrroloI2,3- 
<i]pyrimidin:4(3fl)-one, 

2-aniino-7-(3-deoxy-3-fluon)-P-D-ribofuranDsyI>7//-pyn-olo(23-d]pyrim 
4(3/0-one, 

6-ainino-l-(2-0-methyl-P-D-ribofiiranosyl)-l/?-imidazo[4,5-^ 
one, 

6-aniino-l-(2-deoxy-*p-D-ribofuranosyl)-m-imida2o[4,5-c]pyridin-4^^ 

6-amino-l-(3-deoxy:3-me%l-P-D-ribofuranosyl)-l^-imidazo[4,5-c]pyridi^ 
4(5H)-on6, 

6-amino-l-(2K!eoxy-2-fluon)-P-I>-ribofuranosyl)-m-imida2o[4,5-clpvri 
4(5/0-one, 

6-aniino-l-(P-D-arabinofuranosyl)-l/f-iinidazo[4>c]pyridm^(5fl>one. 

2'-0-[2-(iV.^-diethylaniinooxy)ethyl]-5-methy]uridine, 

5-ethynyI-2'-0-(2-methoxyethyl)-cytidine, 

1- (2-C-methyl-P-D-arabinofiiranosyl)uraca, 

2- anuno-2'-C>-methyladenbsine, 
2*-<ieoxy-2'-fluoroadenosine, 

3 '-deoxy-S'-methyladenosine, 
2-aniino-7-(2^eoxy-p.D.riboftiranosylW^ 

4^amino-7^(3-deoxy-3.£Iuoro.p.D.ribofuran^^ 
5-carboxainide, 

4-amin(>7K3-deoxy.p-D.ribofuranosyl)-7/f-p^^^ 
caiboxamide, 

4-amino-7-(2-0-niethyJ-P-D-ribpfuranosylW-pyirolo[2,3-d3pyrinndi 
4-amino-7-(p-D-arabinofiirahosylH^r-pyiiolo[2,3-iqpyrimidine, 
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4-aniino-l-(3-deoxy-3-fluoro-P-D-ribofuranosyl>li/-iimda2o[4,5-c]py^ 
4-amino-7<P-D.ribofuranosyl>7i/-pyrrolo[23-iqpy^ (tubercidin), 
4,6-diainino-7-(P-D-ribofiiranosyI>7/^-pym)lo[23-<Ipy^ 

2-anuno-7-(3-deoxy-3-fluorc)-P-D-ribofuranosyl)-7Jy-pyrrolo-[2,3- 
5 iQpyrimidin-5-carboxaniide, . 

4-aimno-l-(3-deoxy-p-D-ribofuranosyl)-lH-imidazoI4,5-c3pyri^ 
4-ainino-l-(3-deoxy-3-methyl-P-D-ribofuranosyl)-m-i2iiid^ 
4-aixdno-l-(P-D.ribofuranosyl)-li/-iim 
4-amino-l-(2-C-methyl-p-I>ribofuranpsyl)- 1 ff^^ 

4-amino-7~(3-deoxy-3-fluoro-p-D-ribofuranosyl)-7/f-py^^ 
^pyrixoidine; and 

the conesponding S'-triphosphates, 5*- 

[bis(isopropyloxycarbonyloxymethyl)]monc)phosphates, 5 '-mono-CS-^ 
allcanoyl-2-thioethyl)monophosphates, and 5'-bis-(S-Ci^ alkanoyl-2- 

thioethyl)monophosi>hates thereof; 
or a pharmaceutically acceptable salt thereof. 

13. The method of Claiin 1 1 wherein the compound is selected 
from the group consisting of: 
2*-0-methyl-cytidine, 
2'-C-methyl-cytidine, 

3',5*-di-0-octanoyl-2'-0-methyl-cytidine, 
3 ' -O-octanoyl-2 * -0-methyl-cytidine, 

4-amino-l-(P-D-ribofin:anosyl>m-pyrazolo[3,4-flGpyrimidine, 

4-amino-5-cyanO"7-(2-C-methyl-p-D-xibofuranosyl)-7H-pyiTolo[2,3- 
^Qpyrimidine, 

4-aniino-5-(aminocarbonyl>7-<2-C-methyl-p-D-ribofuranosyl)-7H^ 
pyrrolo[23-d]pyrinudine, 

2*-C-methyladenpsine, 

2*-C-methyl-8-amino-adenosine, 

3*-deoxy-3'-methyl-cytidine, 

4-aniino-7-(3"deoxy-3-methyl-p-D-ribofuranosyl)-7H-pyrroio[2,3- 
^pyrimidin-5-carboxamide, 

4-amino-7-(3-deoxy-P-D-ribofuranosyl)-7/f-pyrrolo[2,3-4pyrimidine, 
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4-amino-7-(3-deoxy-P-D-ribofuranosyl)-7/?-p>Trolo[2,3-tQpyriniid^ 
carboxanride, 

3 ' -amino^-S ' -deoxyadenosine, 

2-anMno-3,4-dihydro-4-oxo-7-(P-D-ribofuranosyl>7H-pyrrolo[23 
(GfJpyrimidin-S-carboxainide, 

4- ainino-7-(P-D-ribofuranosyl>7H-pyrrolo[23-flpyriiiiidin-5-ca^ 
2-amino-3,441ihydro-4-ox(>-7-(p-D-ribofi^ 
iQpyrimidiD-5-carbonitriIe, 

2-amino-5-ethyl-7-(P-D-ribofuiMosyl)-7i/-pyrrolo[2,3-^ 
one, 

6- amino-l-(P-D-ribofuranosyl>l//-iinidazo[4,5-c]pyridin-4(5f^ 
2-aimno-7-(3-deoxy-P-D-ribofuranosyl>7H-pyiTOlo[2,3 

one, 

2'-0-methyIguanosine, 

2-aimno-7-(2-0-me%l-p-D-ribofuranosyl)-7/^pyn:olo[2,3^^ 
4(3fl)-one, 

2-amino-7-(2-^methyl-P-D-ribofuranosyl)-5i?-pyn^olo[ 
{3H)-onGy 

7- (2-0-methyl-P-D-ribofuranosylH//-pyiTolo[23-4Ipyri 
2-amino-5~methyl-7-(p-D-ribofuranosyl)-7/f-pyrrolo[2,3-iflpyrim 
one, 

2-amino-3,4-dihydro-4-oxo-7-(2-0-methyl-P-D-ribofuranosyl)^^^ 
[2,3-rflpyriniidine-5-<:arbonitrile, 

2-amino-5-methyl-7-(2-0~methyI-P-D-ribofuranosyI)-7H^^ 
d]pyrimidin-4(3//)-one, 

8- azidoguanosine, 
8-aminoguanosine, 
8-bromoadenosine, 

5- aminoadenosine, 
8-bromoguanosine, 

4-amino-7-(3-deoxy-3-fluoro-P-D-ribofuranosyl)-7H-pyrrolo[2,3-rfl- 
pyiimidin-S^carboxamide, 

2-amino-4--chIoro-7-(2-0-methyl-p-D-ribofuranosyl)-7i/-pyrrolo[23- 
41pyrimidin-5-carbonitrile, 
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2-amino-4K:hloro-5-ethyl-7-(2-0-methy]-^-D-ribofuj^osyl^^ 
d] pyrimidine, 

2-amino-4-chloro-5-methyl-7-(2-0-methyl-P-D-rib^ 
[23-rflpyriinidine, 

5 2-aimno-7-(p-D-ribofuranosyl>7//-pyirolo[23-£flpyrimidine, 

« 

2-amino-4^hloro-7-(P-D-ribofuranosyl>7i?-pyirolo[23-<qpyri 

2-amino-4-ch]oro-5-nie%1.7-(P-D-ribofurahosylH 
rflpyrimidine, 

2-amino-7-(2-deoxy-2-£luoro-P^D-arabmofkranosyl)-7H-pyrrol^ 
10 d]pyrimidin-4(3i0-one, 

2-aininO"7-(p-D-arabinofuranosyl)-7H-pyirolo[23-4pyrimidin^^ 

4-amiTio-l-<2-C-me%l-P-D-ribofuranosyl)-lff-pyrazolo[^ 
and 

2-amino-7-(P-D-arabinofui^osyl)-3,4-dihydn>-4-oxo-^^^ 
15 d]pyrimidin-5-carbonitrile; and 

the corresponding 5'i-triphosphates, 5'- 

[bis(isopropyloxycartx)nyloxymethyl)]monophosphates, 5'-mono-(S-pivaIoyl- 
2-thioethyl)monophosphates, and 5'-bis-(S-pivaIoyl-2- 
thioethyl)inonophosphates thereof; 
20 or a pharmaceutically acceptable salt thereof. 

14. The method of Claim 12 wherein the compound is selected 
from the group consisting of: 
2'-0-methyl-cytidine, 
25 2'«-C-methyl-cytidine, 

3%5 *-di-0-octanoyl-2'-0-methyl-cytidine, 
3'-0-octanoy]-2*-C>-methyl-cytidine, 

4-amino-l-0-D-ribofuranosyi)-l/f-pyrazolo[3,4-d]pyrimidine. 

4-amino-5-cyano-7-(2-C-methyl-P-D-ribofuranosyl)-7H-pyrrolo[2,3- 
30 rfjpyrimidine, 

4-aniino-5--(aniinocarbonyl>7-(2-C-methyl-P-D-ribofuranosyl)-7ff- 
pyrrolo[23-£3f]pyrimidine, 

2'-C-methyIadenosine, 
2'-C-methyl-8-amino-adenosine, 
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3'-deoxy-3'-methyl-cytidine, 

4-ainin()-7-(3-deoxy-3-methyl>P-D-ribofuranosyl)-7//-pyiTolo[2,3- 
^pyri]i3idin-5*caiboxainide, 

4-amino-7-(3-deoxy-P-D-ribofuranosyl>7/f-pyrroIo[23-<Ipy^ 

4-amino-7-(3Kieoxy-P-D-ribofuranosyl)-7//-pyrrolo[23-dlpyrim^ 
carboxamide» 

3'-amiiK)-3'-deoxyadenosme, 

2-aniino-3,4Hlihydro-4K)xo-7-(p-D-ribofuranosyl)-7//-py^^ 
4)pyriinidin-5-carboxa]nide, 

4-amino-7-(P-D-ribofuranosyl).7H-pyn^olo[23-^pyri 
2-amino-3.4Kiihydro-4-oxo-7-(P-D-ribofuranosyl>7/^^^ 

* 

ii]pyrimidin-5-carbonitrile, 

2-ainino-5-ethyl-7-(P-D-ribofuranosyl>7fl^-pyCT^ 
one, 

6- amino-l-(p.I>riboteanosyl>m-imidazo[4,5^^^^ 

2-amino-7-(3-deoxy-p.D-ribofiiranosylHH-pyn-olo[2,3-d]^ 
one, 

2'-0-methylguanosine, 

2-amino-7--(2-0.methyl-P-D-ribofuranosyl>7/f-pyn-olo[23^ 
4(3/0-one, 

2-amino-7-(2-0-methyl-P-D-ribofuranosyl>5i?-pyxrolo 
(3//)-^one, 

7- (2-0-methyI-3-D-ribofuranosyl)-7/f-pyiTolo[2,3-d]pyrimi 

2-amino-5-methyl-7-(p.D-riboftiranosyl)^7//-pyrrolo[23 
one, 

2-aniino-3,4-dihydix)-4-oxo-7-(2-0-methyI-P-D-ribof^ 
I2,3-t/]pyrimidine-5-carbonitri]e, 

2-aniino-5-methyl-7-(2-C^methyl"p-D-ribofurano^ 
d]pyrimidin-4(3i0-one, 

8- azidoguanosine, 
S-anainoguanosine, 
S-bromoadenosine, 
8-aminoadenosine, 
8-bromoguanosine, 
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4-amino-7-(3-deoxy-3-fluoro-P-D-ribofuranosyl)-7ff-p>m)lo[23^^ 
pyrimidin-5-carboxamide, 

2-amino-4-chIoro-7-(2-0-methyI-p-D-ribofuranosyl)-7f?-p 
cOpyriiiiidin-5-carbonitrile, 

2-amin(>-4-chI(>ro-5-ethyl-7-(2-0-methyl-p.l>ri 
pyiimidine, 

2-amino-4-chIoro-5-methyl-7-(2-0-methyI-p-D.ribof^ 
[2,3-4pyrimidine, 

2-aDMnb-7-(P-l>.ribofuranosyI)-7//-pyrrolo[23-^py^ 
2-aimno-4-chloro-7.(P-D-ribofuranosyl>7H-p^^^ 

2-amino-4-chloro-5-methyl-7-(P-D-ribofuranosyIH 
d]pyrimidiBe, 

2-ammc)-7-(2-deoxy-2-fluoro-p-D-arabmoiuranosyl).^^^ 
. flpyriniidin-4(3fl)-one, 

4.amina-H2-C.me%l.p-I>ribofuranosyl).ljy^^ 

2-amino-7-(p-D-arabinofufanosyl).7i?-pyiT^^ 
and 

2-aimno-7-(P-D-arabinofuranosyl)-3Adihydro-4-oxo-7fl-pyrroJo[23- 
rf]pyrimidin-5-carbonitrile; and 

the corresponding 5 ' -triphosphates, 5 

t[bis(isopropyIoxycarbonyloxymethyl)]monophosphates, 5*-mono-(S-pivaloyl- 
2-hioethyl)inonophosphates, and 5'-bis-(S-pivaloyI-2- 
thioethyl)monophosphates thereof; 
or a pharmaceutically acceptable salt thereof. 

15. The method of Claim 1 3 wherein the conq)ound is selected 
from the group consistijig of: 

2'-0.methyI-cytidine, 

2*-C-methyl-cytidine, 

3 ' ,5 ' -di-O-octanoyl-2' «0-methyl-cytidine, 

3 ' -0-octanoyl-2'-0-methyl-cytidine, 

4-amino-l-(P-D-ribofuranosyl)-m-pyrazolo[3,4-d]pyrijDmdin 

4-anuno«5-cyano-7-(2-C-methyl.p-D-ribofuranosyl)-7iy-pyrrolo[2> 
d]pyrimidine, 
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4- amino-5.(aniinocarbonylH-(2.C.methyl-P-D-ribofu^^ 
pyrrolo[2,3-rf]pyriinidine, 

2 ' -C-methyladenosine, 

2'-'C-methy]-8-amino-adenosine, 
5 8-bromoguanosine, 

5- aminoguanosine, 
8-aniinoadenosine, 

4-aniino-7-(3-deoxy-P-D-ribofuranosyI>7//-p)^lo[23wi]pyrimidin^^ 

2-ainino-i-chloro-5-ethyl-7-(2-0-methyl-P-D-ribofuranosyl>7ff.pym)lo[^^^^ 
^0 «Q pjiimidine, 

2.aimno-3,4-dihydro-4-oxo-7-(p-D.ribofuranosy]>7^-pyrrolo[2> 
4pyriinidin-5-carboxamide, 

4-amino-l-(2-C-methyl.p.D.ribofOTan<«yl>lff.pyra2olo[3.4^^ 

2-amino-4-chloro-7-(2-0-methy]-p-D.ribofuranosyim-pynolo[2.3- ' ' 
15 d]pyriniidin-5-caibonitriIe: 

and the conesponding 5'-trifihosphates thereof: 

2'-0-methylcytidine:5'-[bis-(5-pivaloyI-2-thioethyl)phosphate], 

2-anuno-7-<3-deoxy-p.D-ribofuranosyl)-3.4Hiihydit)^xo-7/^-pynolo[2,3- 
^flpyrimidine-5'-[bis-(5-pivaIoyl-2-thioethyl)phosphate], 

20 3%deoxyguanosine-5'-[bis-(5-piva]oyI-2-thioethy])phosphate],and 

3'-deoxycytidine-5'-[bis-(5-pival6yl-2-thioethyl)phosphate]; 
or a phannaceutically acceptable salt thereof. 

16. The method of Claim 14 wherein the compound is selected 
25 from the group consisting of: 

2'-0-methyl-cytidine, 
2 ' - C-methyl-cytidine, 

3',5'-di-0-octanoy]-2'-C>-methyl-cytidine, 
3'-0-octanoyl-2'-0-methyl-cytidine, 

30 4-amino-l-0-D.ribofuranosyl)-l//-pyrazolo[3,4-Jjpyrimidine, 

4-amino-5-cyano-7-(2-C-methyl.p.D-ribofuranosyl)-7//-pym)lo[2,3- 
fiOpyrimidine, . • 

4-amino-5-(aminocarbonyl)-7-(2-C-methyl-P-D-iibofuranosyl).7/f- 
pyrTolo[23-<flpyrimidine, 
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2 ' -C-methyladenosine, 

2*-C-niethy]-8-amino-adenosine, 
S-bromoguanosine, 

8-amjnoguanosine, 

5 8-aminoadenosine, 

4-amino-7-(3-deoxy-P-D-ribofui^osyI)-7iy-pynolo[23-^qp3^inidine^ 

2.amino^K:h]oro-5-ethyl.7-(2-C?-inethyl-p-D-ribofui^osyI)-7/^-pyn^^^ [2,3- 
d} pyrimidine, 

4-amino-l-(2-C-me%l-p-I>ribofuranosyl>l^-pyrazo]oI3.4Hfl^ 

10 2-ainino-3,4-dihydro-4-oxo-7-(P-D-ribofuraiiosyl>7i?-pyrrolo(23- 

iQpyrunidin-5-carboxaiiiide, 

2-aminc)-4H:hloro-7-(2-0-methy]-P-D-ribofaranosyl>7/^pyiToloP^^^ 
d]pyriinidin-5-carbonitriJe; 

and the conespondirig 5'-triphosphates thereof; 

15 2'-0-niethylcytidine;5'-[bis-(5-pivaloyl-2-thioethyl)phosphate], 

2-amino-7-(3Kieoxy^3-D-ribofmahosyI)-3,4-dihydix>-4-oxo-7f^^^ 
<qpyrimdine-5'-[his-(^-piva]oyl-2-thioethyI)phosphate], 

3'-deoxyguanosine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate].and 
3'-deoxycytidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate]; 
20 or a pharmaceuticaUy acceptable salt thereof; 

17. The method of Claim 15 wherein the compound is selected 
from the group consisting of: 

2'-Ormethylcytidine, 
25 . 2'-C-methy]cytidine, 

3',5'-di-0-octanoyl-2'-0-methyl-cytidine, 
3'-(?-octanoyl-2'-0-methyl-cytidine^ 

4-amino-l-(p-D-ribofuranosyl)-m-pyrazolo[3,4-d]pyrimidine, 

4-aimno-5-cyano-7-(2-C-methyl-p.D-ribofunmosyl)-7ff-pyrrolo[2.3- 
30 iQpyrimidine, 

4-amino-5-(aminocarbonyl>7-(2-C-methyl-P-D-ribofuranosyl)-7fl. 
pynDlo[2,3-<flpyriniidine, 

2'-C-methyladenosine, 

2'-0-methylcytidine-5*-[bis-(5-pivaloyl-2-thioethyl)phosphate]. 
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2-amino-7-(3-deoxy-p-D-ribofuranosyI)-3,4-dihydro-4-oxo-7//-pym)lo[2,3- 
d]pyrimidine-5'-(bis-(5-pivaloyl-2-thioethyl)phosphate], and 

3*-deoxycytidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate]; 
or a phannaceutically acceptable salt thereof. 

5 

to * 

1 8. The method of Claim 16 wherein the compound is selected 
firom the group consisting of: 

2'-0-methylcytidine, 

2*-C-methylcytidine, 

10 3',5'-di-0-octanoyl-2'-C>-methyl-cytidine, 

3'-0-octanoyl-2'-0-methyl-cytidine, 

4-amino- 1 -(P-D-ribofuranosyl>I«-pyra2olo[3,4-d]pyrijnidine, 

4-anuno-5K7anc>-7-(2-C-methyl-p-D-ribofuranosyl)-7//-pyiTol6[2,3- 
d]pyriinidine, 

15 '^amino-5-(aminocarbony])-7-(2-C-methyl-P-D-ribofuranosyl)-7ff- 

pyn:olo[23-</]pyrimidine, 

2*-C-methyladenosine, 

2'-0-methylcytidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphatel, 

2-aniino-7-(3-deoxy-3-D-ribofuranosyl)-3,4-dihydro-4-oxo-7//-pyrrolo[2,3- 
20 4pyrimidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate], and 

3 '-deoxycytidine-5 ' -[bis-(5-pi valoyl-2-thioethyl)phosphate]; 
or a pharmaceutically acceptable salt thereof. 

19. The method of Claim 1 wherein said RNA-dependent RNA 
25 viral polymerase is Flaviviridae viral polymerase or Picomaviridae viral polymerase 

and said RNA-dependent RNA viral replication h Flaviviridae viral replication or 
Picomaviridae viral replication. 

20. The method of Claim 19 wherein said Flaviviridae viral 
30 polymerase is selected from the group consisting of hepatitis C virus polymerase, 

yellow fever virus polymerase, dengue virus polymerase. West Nile virus polymerase, 
Japanese encephalitis virus polymerase, Banzi virus polymerase, and bovine viral 
diairhea virus (BVDV) polymerase and said Flaviviridae viral replication is selected 
from the group consisting of hepatitis C virus replication, yellow fever virus 
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replication, dengue virus replication. West Nile virus replication, Japanese 
encephalitis virus replication, Banzi virus replication, and bovine viral dianhea vims 
replication. 

^ 21. The method of Claim 20 wherein said T^Tovmnrfae viral 

polymerase is hepatitis C virus polymerase and said Flaviviridae viral replication is 
hepatitis C virus replication. 

22. The method of qaira 2 wherein said RNA-dependent RNA 
10 viral infection is Flaviviridae viral infection or Picomaviridae viral infection. 

23. The method of Claim 22 wherein said Flaviviridae viral 

infection is selected from the group consisting of hepatitis C virus infection, yeUow 

fever virus infection, dengue virus infection. West Nile virus infection. Japanese 

15 encephalitis virus infection, Banzi virus infection, and bovine viral diarrhea virus 
infection. > 

24. The method of Claim 23 wherein said Flaviviridae viral 
infection is hepatitis C virus infection. 



20 



25. A compound of structural formula IV of the indicated 
stereochemical configuration: 




(IV) 

25 wherein B is selected from the group consisting of 
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N 




E' 



R^ 



'i/xlv* 'xaIv* 'vxlv 



A, G, and L are each independently CH or N; 

D is N, CH, C-CN, C-NO2, C-C1.3 alkyl, C-NHCONH2 C-CONRHrU 
C-CSNRllRll, C-COORll. C-C(=NH)NH2, C-hydrox;. CCls alkoxy.'c-amino, 
5 C-Ci-4 alkylamino. C-di(Ci^ alkyl)ainino, C-halogen. C-(U-oxazoI-2-yl). C-(1.3- 
thiazoI-2-yl). or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with 

one to three groups independenUy selected from halogen, amino, hydroxy, carboxy 
and Ci-3 alkoxy; 

EisNorCR5; 
10 WisOorS; 

X is O, CH2, or CF2; 

Rl is hydrogen, C2-4 alkenyl, €2^ alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Ci^ 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
15 hydrogen, 

hydroxy, 

halogen, 

Ci^ alkyl, optionaUy substituted with 1 to 3 fluorine atoms, 
Ci-10 alkoxy, optibnally substituted with C 1.3 alkoxy or 1 to 3 fluorine 
20 atoms, 

C2-6 alkenyloxy, 

C]^ alkylthio, 

Ci-g alkylcarbonyloxy, 
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aryloxycarbonyl, 

azido, 

amino, 

Ci-4 alkylamino, and 
5 di(Ci^ alkyl)amino; or 

R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl. or alkyj optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or 

alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
10 hydroxy, 

halogen. 

Cm alkyl, optionally substituted with 1 to 3 fluorine atoms, 
Ci-10 alkoxy, optionally substituted with hydroxy, C1.3 alkoxy, carboxy, or 1 
to 3 fluorine atoms, 
15 C2-6 alkenyloxy, 

Ci^ alkylthio, ] 
Ci-8 alkylcarbonyloxy, 

aryloxycarbonyl, 
azido, 

20 amino, 

C 1 -4 alkylamino, and 
di(Ci-4 alkyl)amino; or 

Rl and r2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
25 selected from O, S, and NCO'4 alkyl; 

R4 and R6 are each independently H, OH, SH. NH2, Ci^ alkylamino, di(Ci^ 
alkyl)amino, C3.6 cycloalkylamino, hal6gen, C1.4 alkyl, Ci^ alkoxy, or CF3; 
R5 is H, C1.6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci^ alkylamino. CF3, or halogen; 
Rl4 is H, CF3, Ci^ alkyl, amino. Cm alkylamino, C3.6 cycloalkylamino, or 
30 di(Ci-4 alkyl)amino; 

R7 is hydrogen, amino, C1-4 alkylamino, C3.6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

each Rl 1 is independently H or Ci-6 alkyl; 
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R8 is H, halogen, CN, carboxy, Ci^ alkyloxycarbonyl, N3, amino. Cm alkylamino, 
di(CM aIkyl)amino, hydroxy, Ci^ alkoxy, C1.6 alkylthio, Ci^ alkylsulfonyl, or 
(Ci-4 alkyl)o.2 aminomethyl; 

Rl2 and Rl3 are each independently hydrogen, methyl, hydroxymethyl, or 
5 fluorometbyl; and 

R9 and RlO are each independently hydroxy. OCH2CH2SC(=0)Ci-4 aikyl, 
0CH20(C=0)0Ci^ alky], NHCHMeC02Me, 0CH(Ci-4 alkyl)0(C=0)Ci^ alkyl, 

/"0"^^"^|^S(CH2)i 1CH3 '^0''''V^S(CH2)i7CH3 
0(CH2)9CH3 °^ OCO(CH2),4CH3 

9 

provided that at least one of R9 and R 10 is not hydroxy. 

) 

26. The compound of Claim 25 of structural formula V of the 
indicated stereochemical coi)figuration: 



Q 



15 wherein B is 




D is N, CH, C-CN, C-NO2, C-C1.3 alkyl, C-NHCONH2, C-CONRl iRl 1, 
C-CSNRllRll, C-COORll. C-hydroxy. C-C1.3 alkoxy,' C-amino, C-CiJj 
alkylamino, C-di(Ci-4 alkyl)amino, C-halogen, C-(l,3-oxazol-2-yl), C-(1.3-thia2ol-2- 
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yl), or C-(iinidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 

three groups independently selected from halogen, amino, hydroxy, carboxy and 
Ci-3alkoxy, ^ 

W is O or S; 
5 EisNQrC-R5; 

Rl is hydrogen. C2A alkenyl, C2-4 alkynyl, or Cm alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Cm 
alkoxy and the other of R2 and R3 is selected from the group consisting of 

hydrogen, 
10 hydroxy, 

halogen, 

Cl-3 alkyl, 

trifluoromethyl, 
Ci^ alkoxy, 

15 Ci-4 alkylthio, 

Ci-8 alkylcarbonyloxy, 

aryloxycarbonyl, 

azido, 

amino, 

20 Ci-4 alkylamino, and 

di(Ci.4 alkyI)anndno; or 
R2 is hydrogen, C2A alkenyl, C2-4 alkynyl, or alky] optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci^ 
alkoxy and the other of Rl and R3 is selected from the group consisting of 
25 hydrogen, 

hydroxy, 

fluoro, 
Ci^ alkyl, 

trifluoromethyl, 
30 Cm alkoxy, 

Ci -4 alkylthio, 

Ci -8 alkylcarbonyloxy, 

azido, 

amino, 

35 Ci-4 alkylamino, and 
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di(Ci.4 alkyl)amino; or 
and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteioatom 
selected from O, S, and NCO-4 alkyl; 

5 R4 and r6 are each independendy H, OH, SH, NH2, Ci^ alkylamino, di(Ci-4 
alkyl)amino, C3-6 cycloalkylamino, halogen, C1-4 alkyl, Ci^ alkoxy, or CF3; 
R5 is H, C1.6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C1-4 allqrlamino, CF3, or halogen; 
R7 is hydrogen, amino, C1.4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 
10 each Rll is independently H or Ci-6 alkyl; 

R8 is H, halogen, CN, carboxy. Ci^ alkyloxycarbonyl, N3, amino, Ci^ alkylamino. 
di(Ci-4 alkyl)amino, hydroxy, Ci-6 alkoxy. Ci^ alkylthio. Ci-6 alkylsulfonyl, or 
(Ci-4 alkyl)o.2 aminomethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=OX:i-4 alkyl, or 
15 OCH20(C=0)Ci-4 alkyl, pjovided that at least one of R9 and RlO is not hydroxy. 

27, The compound of Claim 26 of stnictural foimiila Vt 




(VI) 



20 wherein B is 



R 



6 




D is N, CH, C-CN. C-NO2, C-Ci.3 alkyl, C-NHCONH2, C-CONRl iRl 1, 
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C-CSNRllRll, C-COORll, C-hydroxy, C-C1.3 alkoxy, C-amino, C-Ci^ 

alkylamino, C-di(Ci-4 allcyl)ainino, C-halogen, C-(l,3-oxazol-2-yI), C-(U-thiazol-2- 

. yl), or C-(iinidazol-2-yl); wherein alkyi is unsubstituted or substituted with one to 

three groups independently selected from halogen, amino, hydroxy, caiboxy, and 
5 Ci-3 alkoxy; 

WisOorS; 

Rl is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or C1-4 alkyI optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Ci^ 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
10 hydrogen, 

hydroxy, 

fluoro, 

Gi-3a]kyl, 

trifluoromethyl, 
15 C1.3 alkoxy, 

Cl-8 alkylcarbonyloxy, and 
amino; or 

R2 is hydrogen, C2^ alkenyl, C2-4 alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci^ 
20 alkoxy and the other of Rl and R3 is selected from the group consisting of 

hydrogen, 

hydroxy, 

fluoro, 
Cl^3 alkyl, 

25 trifluoromethyl, 

Cj-3 alkoxy, 

Ci-8 alkylcarbonyloxy, and 
amino; or 

Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
30 membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NC0-4 alkyl; 

R6 is H, OH, SH, NH2, Ci-4 alkylamino, di(Ci-4 alkyl)amino, 

C3-6 cycloalkylamino, halogen, C1-4 alkyl, alkoxy, or CF3; 

R5 is H, C1.6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci^ alkylamino, CF3, or halogen; 
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R7 is hydrogen, amino. Cm alkylamino, C3.6 cycloalkylamino, or 
di(Ci ^ alkyl)amino; 

each Rll is independently H or Ci-g alkyl; 

R8 is H, halogen, CN, carboxy, C1-4 alkyloxycarbonyl, N3, amino, C1-4 alkylamino, 
5 di(Ci-4 allcyl)amino, hydroxy, Ci-6 alkoxy, Ci-6 alkylthio, C1.6 alkylsulfonyl, or 
(Ci-4 alkyl)o-2 aminomethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)t-butyl, or 
OCH20(C=0)iPr, provided that at least one of R9 and RlO is not hydroxy. 

1 0 28. The compound of Claim 27 selected from the group consisting 

of: 

2*-0-methylcytidine-5*-[bis-:(iS-pivaloyl-2-thioethyl)phosphate], 

2-aniino-7-(3-deoxy-3-D-ribofmanosyl>3,4-dihydro-4>oxo-7H-^ 

cQpyriniidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate], 

15 3*-deoxyguanosine-5'-Ibis-(5-pivaloyl-2-thioethyl)phosphate], 
2*-0-methylguanosine-5'-[bis-(5-acetyl-2-thioethyl)phosphate], 
2'-0-methylguanosine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate], 
8-bromo-2*"0-methylguanosine-5'-[bis-(5-pivaloyl-2-thioethy])phosphate], 
2-aniino-3,4-dihydro-7-(2-0-methyl-p-D-ribofuranosyl)-4-oxo-7H-pyr^ 

20 d]pyrimidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate], 

2~anaino-5-bromo-7K3-deoxy-P-D-ribofuranosyl)-3,4-dihydro-4H3XO-7H-pyff^ 
rflpyrimidine-5*-[bis-(5-'pivaloyl-2-thioethyl)phosphate], 

5-bromo-2'-0-methylcytidine-5'-[bis-(5-pivaloyI-2-lhioethyl)phosphate], 
3'-deoxycytidine-5*"[bis-(S-pivaloyl-2-thioethyl)phosphalel, and 
25 2'-0-methylcytidine-5 '-[bis(isopropyloxycarbonyloxymethyl)]phosphate. 

29. A pharmaceutical composition comprising a compound of 
Claim 27 and a pharmaceutically acceptable carrier. 

30 30. The pharmaceutical composition of Claim 29 useful for 

inhibiting RNA-dependent RNA viral polymerase, inhibiting RNA-dependent RNA 
viral replication, and/or treating RNA-dependent RNA viral infection. 
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3 1 . The phaimaceutical composition of Qaim 3 1 wherein said 
RNA-dependent RNA viral polymerase is HCV NS5B polymeiase, said RNA- 
dependent RNA viral replication is HCV replication, and said RNA-dependent RNA 
viral infection is HCV infection. 

32. The pharmaceutical composition of Claim 31 in combination 
with a therapeutically effective amount of another agent active against HCV. 

33. The pharmaceutical compositipn of Claim 32 wherein said 
10 agent active against HCV is ribavirin; levovirin; thymosin alpha-1; an inhibitor of 

NS3 serine protease; an inhibitor of inosine monophosphate dehydrogenase; 
interferon-a or pegylated interferon-o, alone or in combination with ribavirin or 
levovirin. 

34. A method of inhiWting HCV NS5B polymerase, inhibiting 
HCV replication, and/or treating HCV infection in a mammal in need thereof 
comprising administering a flierapeutically effective amount of a compound of Qaim 
1 in combmation with a therapeutically effective amount of another agent active 
against HCV. 

35. The method of Claim 34 wherein said agent active against 
HCV is ribavirin; levovirin; thymosin alpha-1; an inhibitor of NS3 serine protease; an 
inhibitor of inosine monophosphate dehydrogenase; interferon-a or pegylated 
interferon-a, alone or in combination with ribavirin or levovirin. 

36. Use of a compound of any one of Claims 1,3,5, 7, 9, 1 1 , 13, 

15. 17, and 25-29 in the manufacture of a medicament for inhibition of RNA- 
dependent RNA viral polymerase or inhibition of RNA-dq)endent RNA viral 
replication in a mammal. 

37. Use of a compound of any one of Claims 2, 4, 6, 8, 10, 12, 14, 

16. 1 8, and 25-29 in the manufacture of a medicament for treatment of RNA- 
dependent RNA viral infection in a mammal. 
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38. Use according to Claim 36 for the manufacture of a 
medicament for inhibition of HCV polymerase or inhibition of HCV replication in a 
mammal. 

5 39. Use according to Claim 37 for the manufacture of a 

medicament for treating HCV infection in a mammal. 

40. Use according to Claim 39 in combination interferon-a or 
pegylated interferon-a, alone or in combination with ribavirin or levovirin. 

10 

41 . A compound selected from the group consisting of: 
3%5*-di-0-octanoyl-2*-0-methyl-cytidine, 

4.amin(>.7-(3-deoxy-3"methyl-P-D-ribofuranosyl)-7Jy-^^ 
carboxamide, 

15 2-amino-5-ethyl-7-(P«D-ribofuranosylHfi-pyn:olo[23-41pyrM 
2~amino-7-(3Kleoxy-P-D-ribofuranosyl)-7H-pyrrolo[2,3-4pyrimi 

2-amino-7-(2-0-methyl-P-D-ribofuranosylH^^-pyin)lo[23-4 

2-amino-7-(2-C>-methyl-P-D-riboforanosyl)"5/^pyirolp[3,2-J)p 

7-(2-0-methyl-P-D-ribofuranosyl)-7//--pyrrolo[23-d]pyrimidine, 

20 2-amino-3,4-dihydro-4.oxo-7-(2-0-methyl-p-D-ribofuranosyl)-7//"pyrro 
tflpyrimidin-5-carbonitrile, 

2-amino-5-methyl-7-(2-0-methyl-P-D-ribofuranosylH^^-pyn:olo[23Ki]pyrim 
. 4{3//)-one, 

2.amino-4-cWoro.7K2-0-methyl.p-D-ribofiiran(^l>7H^^ 
25 carbonitrile, 

2-amino-4-chloro-5-ethyl-7-(2-0-methyl-3-D-ribofuranosyl)-7i7-p^^ 
dlpyrimidine, 

2-anuno^hloro-5-methyl-7-(2-0-methyl-p-D-ribofuranosyl)-7^ [2,3- 
^flpyrimidine, 

30 2-amino-7-(2-0-methyl-p-D-ribofuranosyl>7//-pyrrolo[23-d]pyriim 
thione, 

2-ainino-4-chlcjro-7-(2-C>-methyl-P-D-ribofuranosyl)-7//-pyrrolo[2;3-^ 

2-amino^hlQro-5-me%l-7-(p-D-ribofuranosyl>7H-p)OToIo[23-<flpyrim 

2-ammo-7-(2-deoxy-2-fluoro-P-D-arabinofuranosyl>7fl-pyrrolo[2,3-d]pyri 
35 4(3^0-one, 
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2.amino-4.chIoro-7-(2-deoxy-2-£luor<>P-D-arabin^ 
rfjpyrimidine, 

2-amino^7-(P-D-arabinofiiranosyl^3,4-di^ 
carbonitrile, 

9-(p-D-arabinofuranosyl>9//-purin-6(l«)-one, 
3'-amino-3'-deoxy-2'-0-methyl-adenosine, 

6-amino-l-(3-deoxy-P-D-ribofuranosyl>m-iniidazo[4.5-c]pyridin-4(5fl)H>ne^ 

6-ainino-l-(3Hleoxy-3-fluojx)-P-I^ribofuianosyl>l/f-imidazo[4^-c]pyridin^ 
one, 

3'-deoxy-2'-0-(2-methoxyethyl)-3'-methyI-5-methyliiridine, 

2-ainino-7-(3-deoxy-p-D-ribofuranosyl>3,4-dihydio^-oxo-7J?.pynolo[23. 
d]pyrimidin-5-carbonitrile, 

2-a^lino^7-(3-deoxy-3-^lethy^P-D-ribofuranosyl>7fl^.pym)lo[23KI]pyrim 
catbonitrile, 

2-ainino-7-(3-deoxyO-niethyl-P-D-ribofunmosyl>7//-pyirolo[2,^ 

one, , 

2-ainino.7<3-deoxy-3-fluoro-P-D-ribofuranosyI>7^-pyriDlo[2>d]pyrim 
one, 

6-amino-l-(2-0-methyl-P-D-ribofuranosyl>m-iinidazo[4,5-<:]pyridin-4(5fl^^^ 

6-amina.l-(3Kteoxy-3-methyl-P-I>.ribofuranosyI>m.iniidazo[4,5-c]p^ 

one, 

6-ainino-l-(2-deoxy-2-fluoro-P-D-ribofuranosyl)-m-imidazo[4,5-c]pyridin^(5fl^ 
one, 

1- (2-C-methyl-P-I>-arabinofuranosyl)uraciI, 

4-aniino-l-(3-deoxy-3-fluoro-P-D-ribofiiianosyl).W-imida2o[4.5-c]pyri 

2- aniino-7-(-3-deoxy-3-fluoro-P-D-ribofijranosyI>7//-pynolo- 
[2,3-rf)pyrimidin-5-carboxamide, 

4-aniino-l-(2-C-methyl-p.D-ribofuranosyl)-l/^-pyrazolo[3.4-d]pyrimi 
4-amino-l-{3-deoxy-P-D-ribofuranosyJ>lfl^imida2o[4,5-c]pyridine. and ' 

4-aminc)-l-(3-deoxy-3-methyl-P-D-ribofuranosyl)-m-iniidazo[4.5-c]pyrid 
and the corresponding 5'-triphosphates; 

or a phannaceutically acceptable salt thereof. 
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